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5 po Vice Admiral of G R E A 
; Admiral of the Fleet, and an Elder-Brother of the R 
3 ö : 3 : 2 5 : "» | 22 
; MY LOR D, „ 5 "OY 
OUR Lordſhip's diſtinguiſhed Merits, which will for ever be | 
| deemed the great Pride of Seamen, the Boaſt of the Britiſh Nation, | 
| and the Ornament of human Nature, induces me moſt humbly to ſolicit 1 
| your Lordſhip's Countenance to the READY OBSERVATOR, _—_- | 
i IT will not only ſtamp ſo high a Value on this Work, as always to 
N awaken the Attention of every Navigator, to reap the Benefit intended ; nl 
| but, it will confer an Honour on the Author, that will extend with him 1 3 
Jl far beyond the Grave. ; ; 5 1 
#7 T have the Honour to be, ; —_ 
8 With the higheſt Eſteem and greateſt Reſpef, Z 
Fj MY LORD, 5 1 
Your Lordſhip's moſt obedient _ 
; Ln | And moſt humble Servant. 
0 8 February 25th, ; 
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E Inportunce of * proicul 2 640 Method ow ruh Ing *. 
Tatitude at Sea, independent of a Meridian Altitude, muſt be obvious 
to every judicious Seaman. They daily experience, that when the Latitude © 
7s moſt wanted, as in the Mi nter Seaſon, after a hart Gale, or. approach * 
near the Land, then a Meridi an Sun is very uncertain © And they are 1 f 


often ſenſible of the Anxi ety, that a  Diſappoi ntment of not Fnowing their 
Reckoning fea on which Jn their All depends) maſt naturally octa) 2} * 


This ribs; will fu uffciently account "for or my „ Motiv ve of offer ag} to N 
Service this Work, appropriated for the e oned Uſe; 4 Thin "which . 
has long been wanted, conſequently wiſhed for by every Navigator: And 
therefore, I 55 it will be received werh uni verſal 8 5 ms 4 

I claim however no Merit as to its firſt Invention * 758 „ 15 l 0 "Mir. 
Cornelius Douwes, a Mathematician of Amſterdam, Next 60 bing, wwe 
are indebted to Mr. Richard Harriſon, of Whitehaven, who. « havr ; 
obtained it, together with the Logarithmic Solar Tables, in Manger 75 
From an Hollander, firſt publiſbed tbem in England, then knvion 5 the Name 
of Harriſon s . Solar Legs PO 
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| When that Pampblet ff PRES: in Publi & it was ; eager, ö 1810 up | 
ln oft every N avigator that heard of it All promi ſed to th mſelves great 


Bam fads on, but very few reaped the Benefit def; f ned by it: A. moft-of the . : = 90 1 F 


Tables requiſite for the Operation were wanting, Viz. the Sun's Declination, 
—Z— ature. 
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| - 4 3 bee became / nina redvogs, „ ao: Fable fo ee ne that it i fn wo 
** As anoriginal Publication, it merited all the Applauſe which it then met 
b with; but why it was not farther compleated, can ſcarce | be made a Pain; 


—_ . without Reproof to theſe who value themſelves in being uſeful to Navigation „ 
—_ - | ſince it is evident, from the repeated ſucceſsful Trials, that Seamen of all Ranks 
mul have wanted it, as a Book abſolutely neceſſary at Sea. Theſe Confidera- 
tions induced me to complete that Mork, with. all the requiſite Tables, and 
render the Rules and Examples more bh and familiar fo. the practi . 
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We qobole was bas. or the Preſs, at N A in the Year- 1766;. 
but the Multi plicity. of Figures, rendered it at that Time too Teal, an Under-- ; 
taking for the Fa, Rene. yh | | 


A my Arrival in London, [ was ; for ow Ti ze. n ie .engaged . but. 
Fading no one had yet undertaken the laborious Taff, (nay, the Problem itſelf x 
Jay negle&#ed,) I could refrain no longer, but printed ſeveral Thouſands at 
my own Expence, in the Year 1771 ;. aud am happy to find the Book has. 
given Sati faction to the practical Navigator. in all Lati _— a tos 
ng moſt ſangune. FEA | 5 n 


dy * * *% 1 
41+ ISDSR43 - 


f E 1 5 1 | 7 the wit of tze Tables i new, and different from the.common Method - rob, 
_— but J "fatter myſelf, they will ahways be e as * A fe for e 
aud ce leaf ſubje# ta A Neben e r de. 


In regard to my. Directions, I have Rludied to make them wy Regular | g 

and Plain; and in the Examples, 1. have given the moſt material Varieties 
that generally occur: I might. have. given many more; but thought it unne- - 
 veffary, as there are | Opportuni, ti 5 — at Sea to make 4 V. TER. 1 

ene, „ . | 


* A; x ec 1 © „ A 4 Nh * A 
DO Phe 58 Paint ad e I was at in printing the firſt 2 
ar re - neat and — vrt a _ Errors Seen creep in, a Thing .' 


— os 
and I ſhall rome the Tables a are now as neat and correct as any extant-: 


the Obſerver may ſecurely, them,” and conſequently his Collin 1 1 
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To render the. Bool Fill. more complete, I have, added. an Py dix, 6 
taining a conciſe, difintereſted, and Pl ain Deſeri prion of the tuo 7 
Uſe » "a plain Hadley's Puadrant, "and how to apply it in rei {-P>atfice *. 
rating a corret Hititude. Suob a pti ebend Scamen have ng 
flood in Need of. — The Inflirument itſelf is the nobleſt of its Kind; but t 
frequently, Obſerveri are{miſitd inty/groſs;Errots with refpect 1 to the real Uſe * 
of it at Sea. Perſuaded my Obſervations will be found true in Practice,, 
recommend it tu tbe Perigſal of the unprejudiced Navigator. 
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I. have nothing farther to add, than having myſelf formerly experi ericnced © © 9 
the Perils of the flituating Ocean, Tam the readier te ſerve u Set . | 
whom I -confider-as very valuable Members of the Community ; and beartily 
wiſh them all the Benefit and Succeſs, which my beſt Endeavours to render this 5 A I 
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1 ge Tables | 


Table of the! "Sup 8 Declination | 3 3 AAAS ISM 


1 * *»& * - +» © 4 ” * 4 
2 54 „ 4 | * 1A £ 7 } 4 4 : * 2 x 
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K Table of Natural Sines and Secant leſs Radius 
® Table of Common Logarithms 
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Of the Principles and Uſe of Hadley's — . eres yy, 


1 e N 


Hiſtory of the Inſtrument — 


©. 3 4 * * 2. 12 . ub 5 mY 4 8 * 
1 * 5 4 4 "W's * \ » i * KS 15 Is 1. 
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(cri ion of Hadle 8 uadr "WM | * HON on 
De Pt y Qua Al „ END AINS! GS iW Lt . * ATCC 5 8 


Demonſtration of the Principles of Hi dley's Quadrant 
of Refraftion ———— 


Of the Dip of the viſible Horizon — 
Of the Sun's Semi-Diameter 


Theory of Obſerving 
Of adjuſting of Hadley's Quadrant 
Of taking a correct Sun's Altitude 
A Table of Re fraction, and Dip | 
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Wy EFORE I proceed to the Inſtructions and Rules for the Operation, 
| E I think it requiſite, firſt to give an Explanation of the Tables, in ofder 


kat the Whole may be untferftood and reduced to Practice, in x plain and- 2385 : 
amiliar Manner. . ; n e 
Thhe Tables are placed in the following Oi der Gy 
7 . | : — g 8 
L eee eee LOH 20. . , d heats 
OGARITHMIC SOLAR TABLES, of Hir Etarszo TI Mite: > 


Tin, and Ris ivo; for Six Hours, to every Minute and half Minute 
II. . » PO - - / 


© A TABLE of deSUNs Bel HW 
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_ 
# — 


Table of NATUHRAL INES, and SECANTS Liss RADIUS ;'to-evety + 
| Minute of the Quadrant, N 


A Table of COMMON LOGARITHMES ; from 1 tv 100. 
TES Fables are neatly divided by Longitudinal Lines to diſtinguiſh the 
dlumns, and by Tranſverſe Lines at every 6th Line in the: firſt three Tables; 
d at every zth in the Logarithm, to direct the Eye; Immediately under 
h of theſe Tranſverſe Lines, are the Figures of the Number at full Length; 
t in the reſt following downwards, abbreviated of the firſt two Figures, 
il they alter. By this Method the Tables are rendered more diſtinct, the 1 
Will readier find the Number looked for, and the Inſpe@or is not ſo liable = 
Miſtakes, as in the ordinary Method. 4 „ | = 
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* 
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Tux Locarrtumre SOLAR TABLES are contained in 6 Pages; each Page 
pour ;- which is ſpecified at the Top; thus: H. O. ſignifles to the firſt Hour; 
I: from 1 to the ſecond Hour, H. II. from the ſecond to the third, &. 

| 2 T8, 6, | "Each 
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1 5 3 Each Page is alſo dwided in * Middle by a 3 Fay and each Diviſion 
—_ in; Columns. M. ſtands for Minutes, S. for Seconds, H. By & for THY | 
Hapſed Time, N. * for Middle, „Time, and R. for Wies. . 5 

UH. Inxs Title of the Sun' 8 Drei A TfOx i is conta in 1 3 (viz. ö 
firſt after Leap Year, ſecond after Leap Tear, third after Leap Year, and Leap 
—_ Year. Each Page is divided into 13 Columns, the firſt for the Days, and the 
_ reſt for each Month. S. ſands far South, N. for North, D, for Degryes. 1908 

8 of Mi. for Minutes. ; | ; 5 : 


III. Ti HE Table of . sines. 1 Seconts les "Rains, POLE: fr 


Pages. This. Table is put into the fame Order as thoſe of Artificial 4 e, 
- Tangents, and Secants, generally are in common Books of Navigation. | On 
the Left Hand firſt Column under M. are the Minutes belonging to the 
Degrees marked at the Top of the Columns, or from f to 45 Degrees: and 
in the Column to the right Hand under M. are the Minutes anſwering to thg 
Degrees marked at the Bottom of each Column, or from 45 to go Degrees. 
D ſtands oy Degrees, N.S. for Natural Sine, and 8. L. R. for Secant eie 


n 


IV. Tux Table of Common Logarithms contains 34 Pages, / als the 
Natural Number 1 to 10, oo0; the firſt Hundred is on the firſt Page, and the 


reſt follow on in a regular Order, 30 in each Column, or 300 in each Page. 
N. ſtands for Number, lad L. for Logarithm. 


A few Examples will render this Explanation ecupteatly u un 


1. Find the Logarithm of Half Elapſed Tü ime for 2 Hours, 22 Mina 
and 30 Seconds? _ Ph 


In the Logarithmic ſolar Tables, of H. II. oppofte 22 4 in the Column M. 
and 30 S. will be found in the Column H. E. T. 0.23472 the Number re- 
quired. N. B. Here is the Abbreviation mentioned before: o. for the Index, 
* 23 are Pied as they remain unaltered the me as thoſe 2 5 ee Jr 


* 0 11 $7 * 5 4 7 | x J 1 ; : 4 5 

; 3 L k 17 e M44. "OV * 8 f : 9 

3 8 1 2 8 5 1 Senn 347 Au 2 4 415 e . 5 wa THR 5 * er gh . KY ala. SY: #4 CEE ee ee e ee 27 CITED 
> - 2 4 * * - % 1 = % * « 


2, What Is Middle Time correſponding to 5.265761 3 hos l 4 


Find the Number in the Column M. T. and oppoſite to it in Column M. is 
3, at the Top H. III. which is 3 Hours 8 Minutes, the Ti ime ſought. | 


3. What 1 is the Logarichm Riling for 4 Hours, 58 Minutes, and 30 Seconds? 


4 | | »F "3 In the Table H. IV. oppoſite 58 M. 30 8. ang.1 in the Column R. is 4 dcn 


x * * 
r 


the Number ſought. 167 


4. It is _ to find the je Sun's Denn, for the 24th of March 1980? | 


Thi is Leap Year; oppoſite, 24 under Days, and j in the eiern under 
Ann 2 1 | 1 * 8 


8. What is he Narunk Sine 40D SMP 


At the 120 = the Page D. 40: © te te 3 74 M. to the the left Hadid, 
olumn N. S. will be found d 05476 "the Wande Sram, aa "In 


® 
at | wy « r\ $ 


6. Aen. The Secant tes Radius for 55 b. 5 M. 7 


At che Bottom of the Page, ( (bed ans If cxcedh 45 Degrees) find the Ce 
53. and under S. L. R. W 2 5 in the right Hand Column, M. 575 


.22476 the Number eee 945 DE 


'# F1 
' 


. l I | YL TO ofUntl! & s 079 9933 491 20 tt, SOT 3x s 
e 9533 in he cee i will found in dr ColumgL. . ag! 


And vice verſe, it mn al 593 03 SBN ο⁰ HSR 9 YEA gout, 0X 


1+ We What is the oy wanker bebe ger Ser 


* N 
i * S172 


„ (or. the neareſt; to to FR is in "the 75275 um 


Find chat Numb n 
in the Column N. "IM be 7947 dhe ate ral Num TH 


N. B. Should it ſo happen; that bisher Number, © or its een 4" 
what is in this Table is required, it is but then ſubſtituting a higher Index 
inſtead of what is now; thus 54360 will have the ſame Logarithm 48 6436, 2 
except the former will have 4. for the Index.) becauſe the, Number Lites * 


710 iii I 


five Places of Figures. Joo ; 


21001 42 © 1 
. > + 4 i As 91. 


9. What 1 is the natural Number of the Logarithm 4. 79385? | 4 


Find the neareſt Logarithm, ſubſtituting 3 for its Index, and that is 3.78886 
correſponding to 622 1; but as the Index is 4, the natural Number muſt be 3g 
Figures. The Logarithm is not quite ſo high in the place of Units, as the 
Logarithm found, the 8 muſt conſequently b be len in Proportion, and 
therefore but 62209, ; ; 7 
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HE Opera AH this: Prrſhwitiohws:hs is "not! conficd to any aa 
Quadrant; However, as exact Altitudes are the Principal 'O Es ba 
Performance, Hadley's Quadrant i Is highly preferable to any, other. * 


Two Altitudes are to be taken; with an exact Time by-the- ae 223 301 


This Watch retjuires ᷣ rang ati, eee to the Hour) provided i it 


for. the true Calculation. of. x ho Oper ml i 
an the intermediate Fine of {the rv rwa Altitudes; and th 16 Operation wille hs 
mine how much the Watck i is too faſt br too Tow... 


Brit * 241 5 8.0 
Care ſhould be & that. the. rant is arſt ad] ed at each Altitude 
and that the bb eohene be 6, the Goals in "of Time by the Watch : And 
ſhow Wit be obſerved Anh MWatchlactnally loates, or gains any cealidersdle 
Time, ſuch. may be ſubtracted or added to the Elapſed Ti ime, in EY 
that Loſs or 8 is fund t to be in 24 Hours. 7 * 


9 * 
rere nn 


The f 99 r. Diſtance, from the Meridian the Altitudes are : taken, the more 
t they are Uable * rors, on e of the e apparent fwift Motion 73 the Son, 
the Uncertainty of Refraction, &c; but the nearer che Altitudes taken, unt 
temards the: Meridian; ſo much! the more they may. be expected to be exact, 
on Account of the apparent flow cogent of the e, &c. and leſs Rauten 
the Rays are liable to. 


The beſt Time therefore for Obſervacior, | is from 9 in the Merle ab Fr 
the Afternoon. 


The greateſt Diſtance of Time REN the Shabby ſhould not excel 
5 Hours, (for 6 Hours is it's utmoſt Extent) and the * me 


Ae. 


1 to be leſs than three (Quarter#-of an Hour... {111308 


1 If bath Alrizydes are taken 1 in the Forenvon, or both i in che dere ny they 
— be ſubtracted from each other. I 


17 6 - 1 eos 


din ien i m hben in the Forenoon, and one in the 3 then; to the 
Hour in the Afternoon add 12; from the Sum ſubtract the Hour in the Fore· 


noon, and the Remainder will give the intermediate Time as before. 


* \Porithe proper Uſa of Hadley? s Quadrant, and How to take a correct Altitude, the Oblever 
is referred to the 9 
A — ᷣ 


1 
A ſuppoſe Latitude 3s one of che Terms given, in 
crude and true Time of the Day. pla abs eine 


2 "0" 
on. 


This Latitude requires no great Exattneſs, as an 7 of 20 or 30 > Minas; 
Ill in no wiſe affect the Latitude found; for an Error of 1 or 2 Degrees 
fignedly made, will even bring the Work true, if the Operation be done 
Fer again, and the Latitude laſt found be made the ſuppoſed Latitude. 


What Difference of Longitude is made in the intermediate Time of Obter- 
tion, allow; in Proportion, as 15 Miles of Longitude is to 1 Minute of . 
me; which ſubtract from the W clapleyl, if IS Weſtward, and add 
failing : Eaſtward. | | | 555 


What Difference of tame is made, add to as Firſt Aidtöde. if aid” 

the Forenoon, and if the Courſe and the Altitude be of one Name; but 
Wbtract; if they be in oppolite Direction, or if the firſt Ame is taken in 
e Afternoon. | 
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This Wan or Subcration allow however in Frese to the Angle 

ich the Courſe of the Ship makes with the bearing of the Sun by Compaſs; 
r which a ſlight Inſpection is ſufficient: and may be determined 1 the 
mmon Method of Latitude and Departure. 5 


Theſe precepts will be farther illuſtrated in the Courſe of the following g 
amples; we ſhall therefore proceed to the Rule itſelf. 


The General Rule. 


8 
bo 
" 


DJUST your Quadrant ; take preciſe (or as near as you can) to a Minute 
on your Watch, the Altitude; which correct from Refraction, Dip, and 
e Sun's Semi-Diameter, and call it the true Altitude,* 


1 


Subtract the Hours, Minutes and Seconds of Time 4 2 Altitude was 
en from each other; and Half the Remainder is Half elapſed Time. 


Subtract the Natural Sine of both Altitudes from each other ;-and the Differ- 
ce call the Remainder. 


To the Secant leſs Radius of the Latitude by Account or ſuppoſed Latieuds, 


d the Secant leſs Radius of the Sun's + Declington; and that Sum is the Lo- 
thn Ratio, Ee LET EE 


* See the Appendix, 


b 


F 64. 


Add the Logarithm Ratio, the comtnon Logarithm of the 3 1 
Logarithm of Half elapſed Time into one 9 which gives che La of 
Middle Time. 


The Hours, Minutes and Seconds, anfocring to the Logarithon of Middle 
Ti 'ime, ſubtract from Half elapſed Time; the Remainder 1s that Time which 
the Sun had to riſe or aſcend to the Meridian, when the greateſt Altitude Was 
taken; and is called Riſing. 


o 
— * 
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* od 9 
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Compare the Hours and Minutes of Rifing "ith the apparent Time by the 4 
Watch; and the Difference will ſnew whether the Watch is too faſt or too ſlow. 


= 


WE. 


From the Logarithm of Riſing, Tubtract LOIN Ratio; the Remainder 
is a common Logarithm. ” 9 5 


The Number of this laſt Logarithm is a l Sine, whoſe Deze and 
Minutes is that Space which was wanting of the Sun's Meridian ANF, 
when the greateſt Altitude was taken. 


To the Natural Sine laſt found, add the Natural Sine of the Sun's greateſt 
Altitude taken ; and their Sum is the Natural Sine of the Sun's Meridional 
Altitude that Day, and at the Place where the OE ERIE was taken, 


„„ 


In the arc two Examples, the Ship i is ſuppoſed to keep the ſame — in tell 
interim of Obſervation. 


EXAMPLE I. 


At Sea, the 19th of February, 1771. in North Latitude by Account 46D. 
50 M. I took at 10 H. 2 M. the apparent Sun's Altitude of 46® 44”. and again,] 
at 11 H. 27 M. the ſecond apparent Altitude was 539. 56“. my Eye being 20 
Feet above the Surface of the Sea; I require the true Latitude and the true Time 
of the Day, when the greateſt Altitude was taken? | 


v 


8 | | Firſt of all, Corre& the Altitudes : : 


iſt, Altitude - - 46. 44 2d. Altitude 0 55. 6. 
a for the Dip oo. 5. Dis? oo. = 

| | 46. 39. 0k 3 53.522 
Sun's Semi-Diam, oo. 16. | Sun's Semi-Diam, - oo. 16. 


46. 55. 54. 7 
As the dien! is here but t trifling, I have taken no Notice of it. 


H. wo _ . 
At. 
11. 27. 54. 7 81021 
I Remainder 7985 
o. 42. 30. Ik Logarichm 
H. E. T. 92 — 5 > Þ * e bo 
1, f. 300 A Te = ot nr IG 


8. Declin. 


10. z.] Alt. 15 55- Is. Rent. * N. Lg por hes, 46: * 


11. 18. N 


. 1 
Nhe, (2: | 


Log Ratio - - - - 0417337 


- -_ - — = 
. — 8 


. 33. 0, The true Time of Riſing, - - LogR. 3.01488 
55 atio 0.17337 


I. 12.0.0. Meridian 


| | | | L. 2.84151 - - 604.N. 
11. 27. 2d Alt, Greateſt Alt. it's N. 8. 


* 
— 
. 


37 N 


- 81021. 
NN | „5 . 
33. by the Watch : 81715N.S. 54. 48. Mer. Alt. 
33. true Time of Riſing . 
oo. Watch right. Zen. Diſt. 35.12. 
The Meridian Obſervation made. ] Declination. 11 18. 
; this Day, 46 D. 30 M. * — 


ö E A MPL E 
Beating to wind ward after a hard Gale: In N. Latitude by D. R. 599, 207 


nd N. Declination 20 D. 54 M. at 11 H. 45 M. A. M. 


46. 30. 


I took from my 


Quadrant 50 D. 41 M. my Eye being 22 Feet above the Surface of the Sea: 
Again, at 40 Minutes P. M. the ſecond Apparent Altitude was 519. 112. 


aving neither made Longitude nor Latitude in the interim. 


Latitude and the true Time when the greateſt Altitude was taken ? 


Time, true Altitudes, D. M. S.L.R. 
H. M. „ N. 8. N. Latitude by D. R. 59 20. 0.29239 
11. 45.50. 52. 773568. Sun's Declination N. 20. 54. 0.02956 
12. 40. 51. 22, =- 78116. 
—— —— — , n — — Log. Ratio a. * * * 0. 32198 
„ 5848. Remainder, its 1 — 2.73878 
27. 30. H. E. JI. „ 0; af 4 Te WT 2S - IE ETS a 0.92189 
. 60. M. . - <- + - 25„ co ww ũ ec v 0 Em - 3.98262 
16. 30. R. . © = — — 2. 41338. : | | 
20. oo per Watch. " Log: Rat, 0.32195. 
3 zotoo faſt. | 2. e Logar, its Number 124. 
51 21/7 N. S. 78116. 
; 51. 29. N. 8. N 
9o. 


38. 31. 


Sun's Declinat. 20. 54. 


59. 24. 


I demand. my 


45 A ANR en 
alls weſtward. A deficient ſuppoſed Latitude. And an erroneous Watch. 


II. > 


Having for ſome Days together had foggy Weather : On the 7th of F ebruary, 


this laſt Latitude may be depended on as the true one, 


| 8 we find that the Watch being 15 Minutes too ſlow in Time, and 15 Minutes too faſt by 
the Hour, and likewiſe that the Latitude found differs from the ſuppoſed by 1 D. 30 M; for which 
Reaſon the Calculation muſt be repeated, and the laſt Latitude made the en one. 


| 1770, at 9. 6. A. M. I obſerved the Sun's true Altitude to be 219. 007; the 
= Sun bearing S. b. E. by Compafs: and again at 12. 23. P. M. the ſecond 
1 Altitude 28. 21, My Latitude by Acc. 4 N. the Ship going E. b. N. 
= 6 Kts. My Watch I had frequently obſerved. before, to loſe 15 Minutes 5 
1 Time in 24 Hours. Require the Latitude, and true Time? 
= - N 3. H. 18. M. at 6 Knts. 2 19 M. which 
_ | | | Fable of Lat. and Depart. Makes 18 . 
| = = „„ H. 6M. Long. and 3 Lat. Now for 18 M. allow 1 Min 
1 1 . 9 oy FN of Time. But as the bn of the Sun at the 
3 * # THe» ac firſt Alt. was at 9 Angle with the Courſe, 
* ö F the Proportion wi 2 Min, nearly; which 
a in for lohng by the Watch'- o. 1. 8 from the firſt Alt. 7 
| | 7 Lat, per Acc. 43. 45. 61412 
= Difference of Long in JIime o. Fo South * 15. 14. o. 91883 
98 . 1 ; 0.15677 
i f . + 1. 800. cor. Alt. | 1 38. 30. H. . — 3 = mY 3 ß o. 38020 
| a 1 2. diff. Lat. * 11704. 10 Log. 4.06819 
1 20. 58. NS. 35782 : | 46. 30. . . . 27 © LN 
£ l | 28, 21. - - 47486 1 9 H. E. * „ SY 
oy i 11704 52. R, - E 3. 40875 
| | E- | a Log. R. 0. 15677 3 
|; il 2h; Zo. 25198 2 1786 | 
. 23 8 88 
:. = 37 by the Watch. . "49978; 
FAR 52 true Riſing. 10 
we A the Watch too faſt. 60. 29. Sun's Zenith Dil. 
The | I5. 14. 8. Declin. a 
{4 . 2 


Laſt Latitude 45. 15. o. 15242 

3 2 £ Declination | 3 — O. Ol 553 
». 16795 5 

: , + ©, 38080 
; M. T. | 47. 30. *** — - = =- 4» 61634 2. 

H.ET. 1. $8; 30. | | f 
r 
by the Watch 37. | o. 16795 . 
14 Min. too faſt 3. 2240 1675 þ 
196 VFVFFVEEVEC . ..-- +: a 
Here we find the Difference but 6 Miles and therefore "49161 = - 29. 27 > 


5 e The Watch ede Order. Ras „ 419 : 


0 Ab 3 of. . reds. in the Latitude by * r 4 : 

ſome Time in the Morning, I took à correct Altitude of 20,/ 58, at My Mo- 

ment turning an Hour, and an Half Hour Glaſs, both very good; (my Watch © 

= bing out of Order) the third Half Hour being nearly run out, the Sun 
made its Appearance again, and at the Moment it was done, I had the ſecond 

| Altitude, which corrected, was 22 D. 29 M. The Ship went 9 Knots on a 

7. S. W. Courſe: and the firſt Alt. bore by Compals S. b. E. e che* 

true Time of the greateſt Altitude, as alſo the true Latitude? b a 


The Diſlance run 38.14 Miles, which by, the/Tahlis of od Fore is 44 Miles We 255 
Longitude, and 5 South Latitude. | 15 


5 Miles Latitude wich the Bearing " the San, makes abou 4. 


Firſt Altitude 20. 58. Eo 3 x7 
+: Diff. Latt. | N. Lat. a 44 00” 2 Wh 11305 


4 9 3 


— 


5 i zo. bythe Glas , Tate ew 38891 Deen nat. S8. 1 83523 
18. for Longitude 22. 29. 38244 . . 25 0. 17980- 
31. UH. ; 2351 „ 0s 8. ON OO = = 3« 37125 
| ©: 45. _ E. ws — = = = =: --- - =- - - - - - O. 70503 
7 K r EN O ENTN O08 
22 , © 17980 n 


| 11. 55 was the Time when the 2. 59425 55 — 393 


— Was s taken | LITE, „ „ Wi#! » Sa | 
, : x 2 
£9. 38% 5 5 22. 44:5 * 
A good 88 was had at Noon. : | 09 86: 


| Theſe i I apprehend will ſuffice; z as they include Valery cnough fe 
a _praQtica-Seaman to improve by. I might doubtleſs have added many Ex- 
| amples more; for which however I can fee but little Oceaſion ; Since Oppor- 
tunities occur almoſt daily at Sea, whereby the Obfervex. may exerciſe: his. 
“Fancy, ſo as to make himſelf perfect, as well in the general Method, as in a 
Variety of Caſes: And I am Fully perſuaded, that a. few fait Trials, ho, . 
make the whole familiar and eaſy in Practice. 


The different Caſes chat this Operation i 1s ſubje& to, are; iK; The SY 


Keeping the fame Station in the 1 interim of Obſervation; this however is. - 
c ſeldam 


3 . on 
A a 0 I * 
9 
= . * os YE 
go * 2 S > > . 
8 ts "x4 2 E 
* . 1 LOS. 
l Y 8 * "LS 
of * ; * 
| . FD Y 1 
4 . 3 xz 3 
* _— pov : 
. F "FEES 
A 1 5 8 
* 4 1 - * 5 FL 3 * — 
2 * 1 5 7 N . , pt , wot * XZ a 
3 . 4 * Ew ; 8 g 4 , a * LEE 
3 . 5 3 ; ; ' ; . WS SIS | 
©, es Cat — * Y hs , 544 Fe , "Wo 3 2 43 1 
ff * 7 WY 5 9 1 8 - 1 a K; * 4 $ n , 2 7 5 * 54 * N. * . I 2 9 
ROD. * 2 . Wo? y 17 W . 84 AX 3 * 
7 3 Fd ; : . 1 pho I "3, e „ . 
* * * ; « © THE fr Bt & 4 4 „ 
̃ 1 | 18 ' 5 1 22 
F * * * 5 > « 
* 2 9 « J 
+7 2 4 1 "Fe. 8 : £ 
: 1 x 1 \ 
1 4 


> 46 1 


eidom Ne Caſe ; 1 yet 3 the Diffeidhds of not Gr Notice 1 in as cu. 


3 5 tha bo culation. 2d. Sailing Weſtward. . 3d. Eaſtward. Ach. North or South; to- 
1 [OM sor from the Sun. ;th, On any Point of the Compaſs. ' 6th. Suppoſed 


1 Latitude. and Declination of ohe Name. 7th. Of oppoſite 'Denomiſration.'s vet. 
3 | Boch Altitudes in the Forenoon. 9th. Both in the Afternoon! toth. Mur Ak. 
= e in the Fo orenoon, and one in the Afternoon. 13th. An rtronedus Watch. 
= 5 5 And 12th. No Watch at all. In all theſe Cafes, I have nothing more to add, 
=. i | 3 than iſt, The nearer the Altitudes are taken towards the Meridian, the better, 
= L 24. Beſt likewiſe; if both Altitudes are either in the Forenoon, or both in the. 
·’Vv- ¼, che Vickien, of. che Operacion depende ,, 
"2 1 ind correct intermediate Time Ante D S412 eee x 3027 


7 1 ſhall therefore beg Leave to conclude: Wich the following dr 
Advice; and in particular to thoſe who hitherto have al unacquainted-* 
with the Practice of this important Problem. RT UT 


* 4 


Read the Whole Attentively through. 19 1 Wy eee ne, 


_ 


Turn next to, the Examples, and compare every j Step * thet Iaſtruftians, 
the Es .and the Tables. = : e 


Take the firſt Opportunity to imitate Men with original ones; vary them 
as Circumſtances ſhall direct, and Fancy may lead you to e what: ont. 
Time or other may atually be the . e 


2 
WAYS + 


va NS —— — 


Pen theſe Examples nearly down: for beſides, has this greatly, ſrapgrdent 
thee Memory, it will ſerve. on ſimilar Caſes to be referred to. 


* 


And * J flatter myſelf, you will with Satisaction reg cap” thad Benefi 
* _—_— is intended, | ta} PERL. 


\ 
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\ 2 f = * 4 * x 2 p W _ 
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N .% 
* wg) 
* ) ® » + * * 4” ; R * * 8 2 F 
| WE... . 1 IR — 
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. A, 2 4 * 
0 FR 1 yy 0 R ; MH ) * : — PC * — 
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4 * „ * F 82 


P 2 9 * ; ; 2 ” i - RM he - IE 
4 5 I . = > * x \ - * * . 9 + 1 * * , * 
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every MINUTE : 
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1 o 
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1 . 
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. 1 
” 
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0 
Ll 
4 
. N 
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4 yy 
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X * 
LA VIP. wv 
1 3.5 d 7 * 
* 2 — 
L *. 2 
— +; o 
— 
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= 
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\ ; „ 10 155 38 ö : 5 8 
— . SOLAR TABLES 
| ; == 
030 {| 2. 661242 | 2, 63982 |< 1 30 
I 36019 94085 $ 97860 [1] 32 
1 | 30 184093. 11694 o. 33079 [|| 32 | 30 6324 3779 
* 7: 05916 24187 58066 [J 32 5644 | 4439 
2 | 30 || 1. 96225 | 33878 77448 [ 32 | 30 4976 $197 
it — 2 inen . 1 — deg — —— — — 
4! 30 [l. 81613 KY 48490 | 1. 06673 JI 3330 . 33669 + 4 43+ 4 3: 62792 d 
4 75314 54289 18271 JJ 34 3030 7073 4077 
4 | 30 - ©0700 9493 | 28502 34 | 30 2401 7705 $342, |. 
5 66125 63978 37653 ||| 35 1780 $323 6590 [| 
51 30 1986 117 45931 35 | 30 1169 8934 7819 
+ 6 | 58203 71895 53488 2 | 0657 9536 9032 | 
6 | 20 [| 1. 547 3- 75370 | 1, 604 3630 [. 79973 | 4+ 50130 | 3, 102272 
7 : 173 $588 7% 37 , 9337 0716 1406 | 
7 | 30 48520 $1583 72869 3730 8809 1294 2570 
5 5718 4385 847438 32398 2864 3718 
8 | 30 3086 7017 83729 33 | 30 7677 2426 | _ 4850 
1 obog 9498 8703 JJJ.22. „ 7122 2981 5969 
936 || & 38258 | 3. 91845 | 1. 93399 [J 3930 [o. + 76574 4. 53529 | 3-/27074 
| 10 |-* -|| © "6072 "4071 i854 (4 1 6033 4070 8162 
1030 3915 6188 | 2, 02091 40 | 30 5499 4604 9238 | 
11 1896 8207 6131 41 4972 5131 20301 
114 30 299674. 00136 9991 41 | 30 4451 5652 1351 
2 8120 1983 13687 42 3937 6166 2389 
I2 | 30 || 2. 26349 | + 3754] 2, 17223 [[ 30 [. 73422 [4 566744 23414 
S<2 4647 5456 20638 [|| 43 2926 7177 442 
13 30 3010 7093 3915 [1] 43 | 30 2430 | 7673 5428, 
14 1433 $617 7073 JJ 44 1940 8163 6418 
14 | 30 19910 | 10193 30120 [4430 1455 8648 | 7396 
1 8440 | 1663 3063 45 0976 9127 8363 
15 2 1. 17018 1308 2 10 30 o. 70504 4. 59600, 3. 29320 [J 
16 ; 36642 T0467 x 38867 at * doth — 30266 
1630 4307 5796 | 41338 [|| 46 | 30 | 69571 0532 1202 
17 3013 2090 3939 ||| 47 9113 ogg o 2128 
17 | 30 1757 $346 64474730 8660 1443 3044 || 
. 0536 9567 8-93 [[| 48 | $212 1891 39 50 
18 30 [. 09348 2755 1 * $1274 43 | 30 [O. 67769 | 4. 63334 I 34347 
19 | 8193 1910 3586 | 91: 7330 | 2773 6734 
19 | zo || 7067 3036 5341 49 | 30 6806 3207 | 6613 
20 5970 4133 8039 ||| 5? 6466 3637 7482 
29 | 30 4901 ö 5202 60182 50 30 6041 4062 8343 
IS 3857 6246 2274 51 5620 4483 9195 
2130 || 1. 02838 [ 4. 27265 | 2. 64316 51 | 30 | 0. 65204 4. 64899 | 3. 40039 
5 06 ba@S | bY. 1843 8260 || 6312 $1.52 [7 47% || 312 . 0876 
22 30 0870 9233 33262 [ 52 30 4383 L 1, 720 Je 701 ' 
63 o. 99918 30185 70169 83 3978 6125 2522 
23 1 30 6988 11153 3036 ſi} 53 [30] © 3578 6525 3334 
2422 2026 3863 54 3181 6922 4138 
24 | 30 || 0. 973384 | 4. 32919 | 2. 75652 [[ 5430 [o. 62789 | 4. 67314 | 3. 44935 
25 6310 3793 7495 [58 2400 7703 5724 
| 25 | 30 8454 4649 9124 [|| 55 | 30 | 204] 8089 6507 
4} 26 | - 4614 5489 30809 56 1632 8477 | 7292 
26 | 30 3791 6313 2461 56 | 30 1254 3849 eogo | 
27 | 282 2121 4083 [57 | _ 0879 9224 8811 
27 ] 30 || ©. 92189 | 4. 37914 | 2. 85675 [( 57 | 3o o. 60508 | 4. 69595 | 3. 49566 
28 1411 8692 72 38 58 0140 9963 50314 || 
| 28 | 30 064.6 9457 8773 ||| 58] 30 59775 70328 1056 
29 | 89394 40209 90282 [JJ 59 9414 0689 1791 
j 93° 9156 0947 2765 59 30 9956 1047 2520 
30 5 8430 1623 3223 60 8700 1403 | 3243 
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a 2 4 — W r 
8 — 2 * — —— — — — — > = * 


4- 22091 | +. 3523 . 4. 61743 


35736 367 625 4 9847 _ 5056 2146 
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. . 3230 (4154 1: [134 1 gs | ___ 8564-1] | 
(| .* | 32 {| 9+ 44321 | 4, 85782 | 3. 32739 [1] 54 [30 || 0. 31960 | 4. 98143 | 4. 08716 |, E 
25 | 077 | 6026 3246 1 55 % =o MRE => 9082 [J 1 
h 2565 749 [5 30% * 614] 423% 45 A 
[| 0, * $93 | $10] 45 5 4084-0! - T8 "I 
{| 2 | 30 353] 750] 7486 %  272| 332 4 4 
[ied nn WE r | 4 
1] 27 | 30 [|] 0. 42877 | 4. 87226 | 3. 3734 57 | 30 |] ©. 30934 | 4. T9169 4. £20915 |: -Y 
1128 643 460 | 6223 58 3 „ -. 495 4 4 
1128 30 409 6944 709 58 30 6599 50% - 634 |] | 
119+ . If 176| 927 7192 9 | „ 433:] „ 070:}!'; 1898 
30 Tn 141945 +8358 | 6552 1 30[[]́◻ 268] 338 23486 
1135 LI 63 | 23 5- 00000. |... _ _ 702- [ 


2 * 
W 


pop "87425 | * en 
E | : 3990 794 
q F 187 WA 
a f 066 SY | 
N os 138 
A 242292 
| | 9. {20704 5.09399 4 
| 601 
757 
912 
. 02066 | 
' \ 
5. 10797 
910 
2022 
135 
246 
357 
5. 12468 
528 
688 
797 
906 | | 
1 it. 1473] 
5. 22422 | 4. 139725 | 
229 975 
336 40225 
443 |, 474 
349 722 
| , . 4963 
o. 24550 5. 05553. 5. 122594. 4127 
413690 864 . 
276 827 968 706 
141] 962 3071 1950 . 
006 6097 175 2793 — 
1 3871 IN OT 232 |} 277 435 6 
4325. 08365 24. 23379 4. 42677 | 
606 498 1 481 918 
472 621 583 3158 | 
3499] 763} 684 :398 
209 894 784 536 
5 225.1. 884 824 
o. 22948 | 5. 07155 5. 13984 111 
1 319 284 l 
= 690 413 182 45238 
| 561 542 280 818 
433 670 378 ES 52 
| Lula de® — 22 ET 86 
; O. 22180 LL 07923 : 5. 14573 + $+-45518 I 
1 5 n 569 750 
= LO | 1928 175 3 a ; 
3 =} | po 861 |" 6212 
79 . 424 1975. |. 442 
2 222] 


14 59436 1 
| $18 tt} . 
580008 
do 2 * 198 
J. T7397 Ff 15705 7 33 . 80 . — 
| 0. 1 ' | 48255 [ 3330 . 09552. | 5- 20551 | 4. 60576 | 
|. M n 479 [1 34 „ee 747 +744 1 
$2 Sas |! , es + 952 || 
3 4% 1752 
2 | . $90] 326 || 
5 2 
* 30: 5. 20967 4. 61698. ff. 
7 1 30 5 1036 883 
8 104 2068 | 
1 172 2524 
| 5 30 239 436 
WY 4 ag} 247 97 1. _306 5: "arg It 
ö Mo | 30 | , 13322 7 ge 21373. 7 gon 
10 30 ; 664 439 934 1 
11 |. WOT 0 3166 
| er 347 
11 
12 oh | = Off 528 
12 30 4A 208 
13 ad 5s 2 4. 63888 
11 23] 30 | 3 4068 
144 6] . 
430 13 425 
15 ; _ 603 
15 | 30 o. 12305 3 hee . 780 
16 2322 . Iu 5. 22151 | 4. 64957 
16 | 30 140 E 9 214 5134 
17 0 58 1 82 276 310 
17 | 30 1977 795 338 486 
18 895 * 400 661 
18 3 ©. 118715 1 bool — 236 
19 734 5 AY 3. 22524 | 4 66010 
19 | 30 654 | 2 : 585 184 
20 575 „ 357 
21 416 337 766 702 | 
1 — TEL 826-| 874 
21 30 || 0. 11338 — 2 
22 259 „ O7$LF- I Ho 22886 | 4. 67046 
22 30 | 181 158 945 217 
23 104 299 3024 338 
23 30 027 Foe , 063 558 
24 ff ©0950 or ö e d. 728. 15 
2 | o. 10873 8 ITY — ck a 822. 
25 797 wa = 2 5: 23238 | 4. 68066 
25 | 30 721 3 295 235 
26 646 2 3532 403 
2630 570 rhe FEE 571 
27 495 37 466 738 
Ear — — 90 
27 | 39 O. 10421 77 — 1 905 
{| 28 247 06.10 oy 5. 23579 | 4. 69071 
2830 272 4568 3; 039 237 
| 412 691 
119 199 ; .v9 403 
29 | 30 | 226 — 746 | 568 
$991 |. - os: DE Peg 
—— —ͤ—ũ— 247 {> 856 297 


— 


AR 8 © IXI —— 


p » 
OE TIES Y 2 
_ 1 
* — r 
5 q g1 7 


965 - 360 743 
322 >. 78 
2831 8320 
| 245 | $58 
. als — . — 
3 | o. 03170" f. 26933 
4 | $ 132 971 
4 ogs | 7008 
HY os], ods 
1 021 o82 
At . A 228 218 
6 | 3o Þ Wo 24544 1. 02949 | 5, 27154 
= 6 595 91 190 
7 39 848 Fi 226 
| 8 | 697 841 262 
830 747 806 297 
W 297 | 1 222 
9 30 5. 24346 6. 027365. 27367 
10 896 701 402 
10 30 945 667 436 
11 994 633 470 
Ir | 30 3043 565 599 504 
nnd —— — — 16 $38 
i2 30 Se 251394. 73874 [| 0. 02532 | 5. 27571 
124 187 Ja 499 604 |. 
13 30 235 | 2823 466 | 6371 
14 232 335 433 670 
14 | 30 329 438 400 703 
R 1 225 641 E 
15 30 5. 234234. 74793 6. 02336 | 5. 27767 
6 945 304 799 
3096 273 330 
247 241 362 
398 210 893 
549. 179 924 
4 75699 ©, O2149 | $5. "7 
848 — 118 98 5 
997 088 8015 
- 6146 o58 045 
295 |} 028 075 
443 j | 1999 N 104 * N 
4. 76591 || . 02959 | 5- 28134 | 4. 84852 f| 
738 [| 940 163 981 
885 912 191 5108 
7032 [| 883 220 236 
179 [| 854 249 363. 
325 1 BS 277 490 
4. 7747 0. 01798 | 5. 28305 | 4, 55617 
pike 777 322 244 
761 743 360 $70 
906 716 387 996 
dogo 589 „44% 6187 
24. 662 441 446 
4. 78338 o. 01635 | 5. 28468 | 4. 76372 
*. bog 494 496 
87 583 you 621 
707 557 54 
905 531 572 525 
90ſt R 


1 


— —— FOLAR TARBLES. 


ES It EN ieee Ä PRENITS LAG + E . 
M. 8. H. E. 1 N. To R. [I >. ] H. 82 NM. I. R. | 
F eite . 28623 | 4 87316 % 30 | # 05361 ox 29742 4. 94934 
| f * ns a 71 239 3 „„ 141 
| 2] gl} * 430] 673] ene 111 7 A 
£5 | 406 697 434 3 £ 325 5 778 35% 
| 2 | 30 381 7223 606 323 | 30 313 790 463 
N zl. 357 746 528 Þ © $, Mn! 302 801 370 
3 [| 0. 01333 . 38779 | 4. 785% 33 | 30 8. 29312 | 4+ 94676 
'W 310 793 971 [| 34 2380 823 282 
41 30 286 817 8093 34 | 30 269 834 888 
— 151 | 263 840 1213 35 259 5844 994 
5 30 240 863 . 334 35 | 3© 249 $54 $100 
i. 277 886 454 [11 36 | 2 39 $64 205 
— Ren : 1 Ia: 
5. gg 5. 20909 | 4: 33574 T1 36 | 36 | o. hο 5. 29874 | 4+ $5329 
WB, 25 172 9 9 94 KN 37 1 440 884 | — 415 
| 7 30 150 953 814 
| 128 975 933 
830 106 997 905 
8 084 9010 171 
| 9 [30 || 0. 01063 | 5+ 29044. 39289 
10 „ 042 6061 77 
10 30 O21 o82 52 5 
1s ooo 103 643 
| 11 | 30. og do 123 760 
1i2| |} 960 1343 877 
g 12 | 30 || 0 00940 | 5: 29163 4. 39994 
| 134 920 183 90111 
| 17] $O 900 205 [ 227 
144 31 222 f 341 
130 562 241 459 | 
LA 84389 . $78 
1 15 30 o. 00824 | 5. 29279 | 4+ 90690 
16 80 5 298 " Bog 
16 | 30 787 | 316 ] 920 
17 | 769. 334 2034 | 
j 27 | 30 751 352 148 N 
.. 5 733 379 267 
18 | 30 || 0. 00716 | 5+. 29357 | 4+ 91377 
19 699 404 490 
| 19 | 20 682 421 603 
20 | 665 438 716 
| 20 | 30 | 648 455 $30 
21 * 471 |. 942 
21 | 30 [o. cobr6 | 5. 29487 [4 92094 
22 600 503 166 
22 | 30 584 519 278 
23 568 335 390 
23 | 30 $53 $50 301 
24 578 565 61241 
+ 24 | 30 þf 9+ 005234 5 29 580 | 4 95723 [| 54 4 30. | ® 00013 | 5. 30090 | 4. 93945 
25 508 595 | 833 [1] 55 | dd 092 9042 
251 30 494 hoy 944 [|| 55 | 30 5 094 139 
26 480 23 3954 [jj-56 07 o96 |, 235 
26 | 30 466 637 164 56 | 30 oog og8 $32 
L 4852 651 273 (0157 |__ 004 ©99 428 
27 | 30 || 0. 00438 | 5. 296654. 93383 sz 30 [o. 00003 | 5. 30100 | 4. 99524 
28 425 678 492 58 002 101 619 
28 | 30 412 691 600 58s | 30 001 102 715 
29 | 399 704 209 [|| 59 000 103 810 | 
29] 30 336 717 977 59 | 30 000 103 gog 
22 | 373 740 926 60 ooo 103 | $. ooo 


— Hoon ef — 


4 


: * 

0 

prom + * 
4 9 


© *% 


i 
+ 
— » hb 
9 * 
a2 2 of 
+ 
pa » 
3 
. 
* 
A 3 
* 
- 
b - 
= 
I — ” — — 
* 
1 29 * 


„ „ „„ 
** 


—— 


DH » 2 


— — „ 
„ 
* ”> * 
. ih x - — ol 
OY L - 


* 4 
7 
1 
, 
* 
> * 


* 
- 
* 4 1 
. 
* ; v 
* 


8 


412 — Mens 1 


— 
o 
— 
3 8 
J * 
o - * 
. <<. * FR 
. ud 
« 
_ 
© « - 
* 
. 
. * 
L . 
* 
9 * 
. 
- 
z 7 
15 
© 
* — 
* 
= — 2 
aQ 
4 & « 
» 
7 
, — 
% 


— —— 


9 


% 
. 
% 
< * 
* 
27 
2 
* 
- * 
* 


x. 
: 


Wn 2 on on oo ere er — K » gre 4 + - 
— — — 9 „ C6 + * 


—— — 


* 


; 
1 
7 
. 


; 
4 
: 


0 ow - 


3 


35 <oa<, 


+ 
, * 
— 
4 7 
1 
«, 
a4 ©» 
” 
1 
* 
— 
- 
* & 
* „ 2 4 
. * 
— 
4 * 
# > . 
b 
bp _ 
»— eG og * 1 ” 
75 
* >. 
*% 
: # 
3 
4 
5 
i 
” 
by — — . 
- 
«= © 5 
- 
= 
* 


- 


Z V * 
i by 9 
4 1 
* s if 
- _ 


* 


- 4 a 
1 ® 0 * Ml 
F M * 
ce 
i £ 
4 * 
4 * 
* * a 
$ „ #% 
— * 1 i 
i * -* 5 
4 3 
[ 2 , þ. ITY 1 
1 % 
; 
; 
* 
* a 
» 2 * 
— 
1 
. ; 
; 
% 
* 
45 
i « * 
1 
a + 
{4 4 7 1 
£ - . | * 
* 
? 
; 
* * " — wth 
" « 0 
* : . wa 
— 
1 „ 
1 
. 
* 
1 . 
* 
of 1 
4 
* 


% > 
4 
DO. 

. 


— 14 
_ 
. 


_— — —— 
2 


* 


* 
n . 
#4 
1 * 
* * 
* C 
— 
* 2 
7 + 
* 
7 


. 


„ : 
TRIES 7% 


* i 
. 
x 
* 1 
1 
* 
- 
—— 
_ 
1 * 
3 
1 5 
15 
* 
* 
13 
* 
* 7 
! 
z 
2 
1 » 
* 11 
* 
13 : 
: 
2 
12 
o 
$ 


* "4 
"6 2 
, 
” * 
1 


* by 
2 \ hy X ET 
as 9h "Ws r 
"IJ ' 1 
* n A * 
* ; . * 
* "LS 1 = ** 
N * : os N 
* 1 * 4 
. 2 . 
4 £ Fn * 
1 * * : 
# * * 
7 > * LY "7 
{ 1 uo » 
54 
CPS. 
$, 5 
77 4 
"RS * 3 ; 
* 5 12 3 
8 | 
4 1 * * g 
f C n . 
<4 4 VL * > ? I , 
r : 
* X 
22 
15 7 : : 
4 +, 
: F Y * 
A 2 1 " 
7 i 6 
, = 
$ ih - = 4 
A ' * 
# 42" 3, 
7 1 
; 8 4 4 
l £ ww opal : 
+ #8" | bs 
C- -4 1 
5 1 7 
4 ! 1 
* I F 4 oy B 
* ' 3 
* 
q 1 
1 q 
4 $ 
*L 1 
4 
v0 
bs < 
Fn" +4 


2 


: 8 . : > 
$ . 4 ; p J. i 1 N s . 0 7 : i » 
4 4 4 F - ; '1 : 
"HE ' vis 4 . 
4 ! 4 Y * 43 » : 4 14 — 
, 7 A z & #S 
: $3 * ; X 1 * 4 4 
— 7 bl — 
\ * - 4 1 _ 2 £ * * 1 — 2 . * 7 £ 
\ , q R c x : a : 
; 7 4 of - % H 
- { 1 A q # ? ! 7 
g 1 : „ M d 4 ; + 
1 4 — = pe + — * % a Na K 4 — — k 
0 * : 5 * FY I — ; E » > 4 
* 6 . © > e þ * * - 
: > | -F n ; : Y ; g f j : 
4 * 5 » : » 1 'Y ? 
: $ 17 2 el - bl 91 bf * L i — F 
* 0 * 4 
$ » x k } 1 
* 7 . * - 4 
» - — > | — 
: : , ? "i 
* » * £ * 0 
3 : £ p F 7 — 8 
1 ' . 7 
f 4 3 f 12 Pp 
y 4 ; . _ ! I 
- * 4 4 . * 
4 4 *.% 
* 9 
\ 13 0 : * * 4 . 5 * o 
1 5 5 5 
4 N 
g 4 $ 5 a - 7 . * 4 * 4 * 
x \ - 4 * bs A 0 1 * 
. & 1 = »s 4 
7 | a EY ; 
* * 0 % 7 % x — 
4 $ b 3 4 1 
|” ; y 
J - . ; 4 ? 
RA 44-796 | 
) % . : , 
2 1 L ; - 
3 1 * * * PF * » * 3 1 , * * 5 , 
* » 4 9 y 
* 7 WIS 3 
1 j 1 . 
* 5 2955 * — —— 4 1 p 
« * 2 * ? 4 # 0 * 1 Q A * 
k e OY 2 4 2 2 FO — . # 1 4 2 * „ 
* EF 4 a E 
- 9 8 5 7 M wy -— * * 
— 7 * t 1 1 as 
$ $ = 4% * 
. U — Y — v : % 
® . f 
| 55 | 
2 | { 
” N - * [ =. «4 4 g * a ; 
/ 4 * . + „ 5 
. [4 1 5 H 
* 7 = 4 ; f 4 
X 8 7 
- [ " * 3 -« _- — g 42. 4 — . W944 * ? #4. O ; ; 
|; . He” , 4 
0 ; ! 9 * { 9 „ . * 2 f J ſ 
. % % , . - — pq * i « 
: | = 4 f => ; 
* „ 4 4 5 
a : | * 9 
, ; * * * - d &* 
1 1 5 Fo * i ? 4 
2 * . * b þ F 
4 5 ; 


„ 


F 


Ya 


LA 
„ anne * I 460 


——— nt Hh. 2 crores ir. — 


EGS: A 


hs = ry 8 


* . 2 
- * - 


FIRST ArrER LEAP YEAR. 


178. 1785. 1789. 1793. 1797. 


e n eee ee e 2 


2 „„ _—_— — er — 


—— — 2 — 


IL "Td | apa | "May | Juke" July Job 1 —— New. 


"cl Mp. 1p; MB: 48 Me. MB. Mp. Mig. af: 


—_— 


* * c —_ er 


e e 


——— 


75 2020, 2 
3 15 
28 og 3 


27|19. 51 


2 uo. */ ha e 1 
"gg; 57] 3A *#- Fs. | = 
15] * 43] | - 16 
124 2918. 54 

2 2 


at 
*" „ 


4 
„ „ m 


2—**4 EE YE eee eee eee eeeee——_———_—_—_—_—_—_————_——_—_ EC ' — —— = : 
AAR COKE PAIRS HI a - 
A B — 7 MCs —— 2 nos E IT IR Toe oe - wm = 
>= ma” by Sg * 
* 
433 — — 1 * 


* 


A TABLE ef de $UN's\/D ECL NATION, 


* 


5 
SECOND -arteR; LEAP YEAR. 
F, 8&4. 73), 5 4 LIES 4, E355. 3 — A... La 2 


17 78. 17 82. _ I 786. 1790. - 1794.91 798. , 


x 


n 


Tl 
14121 
— 
1 
318 
Ex wh * 
4 
2828 
— — 


3 
* 


OO ow o 


— 


21. 11023. 24 19. 2 id. 24 
„% 1107-8 
= 19. 42 
15018. 471. 20 

124 338. 58 
1 8 


Eresrelss rs 


. . = 2 E . 2 
eds... SD CR nf So // /// dla coco // . om ³˙ÜÜ¹¹wb̃5ʃ5ʃ L 


% - 

-? * y * „ as * + — 

- ; 4 : es x 
5 ” $6 x & * - : 
- * * - þ 
a ? K 5 
4 © 
ho : > 
＋ 8 q «> > x 9 
x STA p . 9 o "(3's WIE 3n'y 
KR 4 
5 — at Y , 3 SL x 1.4 * 4 > * 4 

ö * — — * K ws * N 

8 = 


* 


* 
» - 
EF 


— 


r HIR Dt A RAT WA R. 


* 


1779. 17834 19874 179 T. 179. 1799. 


N. . ot 1 N. 71 N. 


= oF July! 


2 8. 4 8. 8 8. 1 N. 2 92 


„ * 1 


FCA 


16. 


0 


77. 7 Ty N 7. 


T a 


2. 
28 32 = ga] i+ 
1 77 3208. ; 
19. 4 11. 12] Os. 25 


* = * n. . refs. his. cad OI hes... < "8 - 3 
- - 0 4 . 
Oe — —— — —— — . — — ————— ꝶj—— re ne — ——— —FE—ñ—é T . ̃—Änx— ,. 


a f 4 28/3. 


* 
- 
« 
p 
- 
— 


, 
, 


> 


* 


j—v᷑üü“““ n ⏑ — CT —— * 


RR Dies 


: . 
CASATE 


e ey + 
N 


= 
ot 


;. 


W 
2 i . "77 N 
9 FACTS Ie 
” me +I, Beg * 
- .* * 
3 
— 


ATABLE of the 5% DECLINA oN 


1780. 


- 3 * x 
8. 4 5 N 4 


L E AP 


1784. 


Bet! 


N. t N..; 


1508. 


X 


1792. 


10. 


A R. 


1796. 


N. — 


99 5 
@« - 


1800. 


. 8. * 


8 a 


17 
33023. 


1 


19 
34: 
. 48]. 


5 


1623. 
29 


42 
8 


— 2 
. 5 
97 


20 
22 2911 


21. 19113. 
| 4. 


 28;20.' 58018. 57 
: 28 
290 


47 


17 5 


; 211 


» ao. 


49 "hott 


a0] {© 2 


32 
13 


ez. 24} 
20 


. 

9 F 
4 — 
8 2 


9 


2 
13 


2 


Ab 0. 1077 


4 57 5. 2 
IF: - 
17 
56 of 15 16. 


| 5 513. 
EE #*7C 


3. 3]4- 


17. 


* 27 77. 41. 58 


Hen 


4 <7 


* 
— A >, 3 
: > - at 
| EE” 
* 7 x SY $a 
3 i 
8 + 1 - 4 i 


1 * 


x 5 A 


7 
& . © 
— 1 « * + . . ; , 
: * . * 4 — CRE 40 © N 93 1 3 4 OR F; 
. 124 — 
4 a { * ” ” , . —_— = — + . * * : % 
6 : . * 1 * * 49 * CRT —_— „„ om My won „% 4 4 
Gt I EY Sata 380 y a {+ rats x 9% * 3 „ 2 >< a „ a 4 +. 1 4 31 1 x 
F : ö n en 5 * „ 3 KK«« 4% OC wa ate 4s Wo r r Ie ro ores —— 4 ”__— HT . 
e e © "y c 3 Mr 4 + . * * 4-4 \ 
4 ; * ; 7 * 3 18 * 8 2 nf "= Is A + 2 * - , 
7 1 \ Cs A by # * 1 . * 4 . Þ 4 - = * a ©, © © ” OE — 9 $ 


* 
i 


4 L 5 7 5 + 4 1 9 1 
+ N ' ; . 1 g *; 1 „ s \ * E * 
0 — 1 * 1 . * # * : 
; * 4 R * „. «wn onions ˖ 4 Wo _——, Ar „r oe rr” — — — — — n : 
: — 9 . 8 1 1228 - 4 , r g ” 0 l 6 
«*@% ©. + — 2 * 1 4 * 


3 
.. 


+ 


* 
— — 
F 
— 
\ 
* 
» 
* 
9 
: 


— „ 
. 


* 


— 
* 
— T * 
7 
— 
* 
» 
* 
- 
. +. 
— 
* 
0 
Ls 
4 
» 
F 
+ 
- 
7 
— 7 
* 
. 
* 5 
_— 
= 
$4 
4 
? 
. 
. 
2 
1 
of . 
ere. — — Q 
„ — ok d 8 
* 
* 
* * 
* 
q 
” 
* 
2 
N s PE 
* 
re 
| 
. 
— — 
1 
- 


„2 „ 
. 
- 
We —— 
1 
. 
4 
* 
* 


9 : 
[1 * 1 * . - « +» $ 4 
2 * 5 4 * F " , * ? fi : . 4 «a LA | 
: 0 - 6 E 5 » [ - . — a> £ 4 F 
. 7 . . 0 8 g + Ep 2 2 * — i | #48. 5 4 5 i n x 
. o 74 1. * , * d £ 1 U 
. 2 n * ” 
' . » <-> | * : 
o ns” 4 * 1 . * . L. * 5 * — — 1 * ** ey w - * 
4 R , WM * ** * 


x * 
: 1 ' 
24 1 F 5 4 a3 
7 * 5 
{ i * » * , ; * 
£2 . , . 
{ * x . N 6 os 
; Iv ; * " Y - , ? A 
* F * d . 4 
24S : 0 G ; , : 1 
bs 4 3 1 # &, 1 
Fs f 2 j . 13 a 7 * CE 44 » 
1 | 3 2 k N — — — „* ow mov —_— — * 1 — ww 80 * 1 = 
* * — * 1 
\ * a = * . * M . . , 1 * 7 _ 4 # 
£ ? ! * * ö & N . 4 $ 2 Ly ®..v — —— 1 + 
x : . 4 \ 
* : . 1 A , 4 N . 
n , $ ” 
* * * 0 > * Y * 
. 
* — 
; : N 
& . 
" 
1 * 
| j „ 7 
. F » 5 
1 
* 
1 * * * * 1 
2 = ? * " 0 
© 4 * - 
* * R - 1 a 
Obs Ny * 7 182 4 * 
Ll 
vp v , 9 - 2 6 0 f 
. = A 
n R 0 5 b © * . i 0 
F ; ' | 
o x 1 
q ; 2 4 
| 5 
* 
; 2 ; , ; | 
= * 1 2 
5 . 
1 ' 
7 * f 1 ; 
* * 
1 7 > z . 8 * 4 
8 1 ot * * : o » N Fl 5 9 = 
by 9. * 4 * * 
* 1 * 
* * 1 * : * 
4 5 1 
* ? CY * # | * 
v * AE. 
” * 
. 
; ; - : 
Ne p 
— 0 " 
* I * * . £ — 
. ; 
6 * . 4 « 
„ . 1 * 4 . Log s 
* 4 » \ * i - * , " Y * 
i x 4 1 by „ * , 
0 p : y | 0 * :- # ; 4 
. * . * 
* - ” " 
; 
. ' a 
— - * 3 8 
f 
# ' ; 
% 


4 , a 4 1 ; : . "— 
* f 0 N * 
6 : 4 + - 
= : 1 n * - 4 * * * 8 1 
4 bo : , 
: pd Y 1 * « - 
i- 1 , % 4 
1 .* : wy * " 
f a . : 1 þ — « * - : 
. as a i ? Pp * ? N | * > + * 
. 0 q oy 
8 * - <- 
, " . * . p ” 
* 
» * F \ 
* 8 5 
I 4 ©. 7 a 7 
4 3 * 9 4 
; . , N 1 - 
. * p< * 1 
; | ; 
. d | * — F 1 
, 42 = 
* "A 4 - -» > 
p - . 
. 1 2 8 
8 , 1 * . * - F ” 
* 4 y 


—— . 


* 
. * 
* 7 e P P — 
* - 
LAY * 
5 
* 
a 
» 
4 ” 
* * 


* =Y . 
* * 4 
> 4, - 
- 
\ * . . 8 . p * — n 
* Mn Ay n 1 * * 
— 4 - an * 
. LEY w — — — e q * Y 7 + # . + 
Ld 2 "Y — — N = N y F a of 1 * CT 5 1 * he _ 
* VP? * * 
** — W Ms „ ”>. 7 4 : . ot 1 Y 
2 . * 3 % g 
of * 
7 "A. * 4 4 
- 7 
. 
© 1 
7 
* : 


= 
+ 
* 
0 


oY 
* 
* 


F4 
* * y * F „ : 
48 7 : „ 
0 P 1 * f g * 
bd . ” 
s - A , 4 A = 7 5 _ 
8 . 
4 * 1 3 = ey . 
442 — 4 we,» 
N * » + > 
rd * 2 
* . 4 
* 4 . 5 6 x * 2 * 1 
. 1 3 A b 88 2. * A — — * v2 „ * Erg . 
— 322 ww od „ —_ — es ar: bs ſat 7. ft 
, —— nn 
o 
P 
. aw * Fs 5 
* * - 4 - 3 
„ 
1 
4 ; MT. ; 3 
” £44 4 * * K 8 * . 
. ny q * W < 48S WH a . \ headers 
8 - U = = bw. = 1 LA = hy = _ 
4 4 . # Y ; N o l b - = 
: \ = : 


1 J. 


A = = = 
i E 


=_ 
—_ NY 
1 . Fed — medredwA 
2 1 —A TAILS of NATURAL SIN! ES AND SECANTS LESS RADIUS. | 5 | 
4 4 43 M N. S. 8. „X. . 5 
. A ff o Ii G. ooo 99939 $ 45728 
_ . 999913 33627 933] | 5353] 59 |} 
—_— 3 Mie oo 999 23524 l i 
—_— - I 3 of. 995] 895915 1 
1 EE 
1 1} 6 | 275]0.00000 1 
—_— 11 9 oO 
_ Il 8] - ©00 (3 
—_— o o 2 
4 118 hs 
3 12 | 349|0.00000 Er | „ een 9275 9 3 
_ <4 S | os 152 O10 $9 03 9244) ©9283] 46 || 
15 43 ooo 181 oc 34] 9234 605 45 
18 { 465] ooo 211 on 983 o34]} 922] . 0285] 44 || 
| 17 | 495] 801 240 On ©34]] 9231 39967 42. 
"18 | $524]0.00001 22 69,0. 000 11 4013.035999 79/7367 4 
1 19 553 door 998] 25752] 298 011 042 036 9188 9338] 41 1 
20 $82] o 998]  23525]] 327] on 71 o361| gr7] 9020] 4% 


21 | 611 oor || 998] : 21406|] 356 O12 
* || 2» | 640] 01 998] 193855] 335] on 
| 23 |_669]_ oor||_o98]_17455||_474]___ oz} 


100 037 9760 3718 31 5 
12949 o 91 84 
158] 38 974 $106} 37 | 5 


24 | 698|0,00001||99998]2-1 5607] 24430. 013 4188ſo.ocog80 19991 1.37804] 36 || 
as | 7327] oO 997]. 13334|| 472] on 217] ozgf| gin 75093] 35 | 
2 75 oon 997] 12130] 50 14 246 039 ][ gac| 7205} 344 
27785 oo 997] 104900] 5300 74 275 ogc}} 309 6909 33 
28 814 001 997] 08912 560] © ord} 3044 ogo[| 907 6615 32 
29 | 3 oo || 296 07388]| 5B] ors 333] __©42]| go6|__ 6322] 11 
| 30 | 873]0.00002 99996[2.05916|| 261800. 00015 4362[0.0co41][9g9go 5136032] 30 
| 31 goz] oa g96} 04492 647] 25 391] o42|| 904] $744] 2 
= 32 | 931] 02] g96| 03113 676 o16 420] 842 $457] 28 If 
=” 23 | 960]. oon 995]! 91777 6016 4490 © $205 2 | 
_ : 34 989 0229 : 00480) 0 478 644 1745 
T3 35 | 1018] oozſ] 99511-9922? 507] O44 468k asf, 
= __|} 36 | 1047] 00002 [[99995[1-97998 45360. oo045 - | 
FF 37 | 076] oog|| 994| 96308 565| o45 ü 
1 33 | 105] ooz|| 994/9865 594] 4d 8 
1 39 | 134] 03 994] 94522 623] 646 
_ 4o | 164] ooz|| 993] 93422 653 047 3231 20 
1 42 | i9s| 003|| 993] 92359 us] SRD, | 
4 4212220. 50003 9993/91304 295611. 20,000 48 142 927 
4 43 | 251] oo] 992 g02 82] : h 2425] 27.1] 
_ TI 44 | 280] oog|| 992 39283 2159] 26 |] 
—_ 45 | 309] o 992] $8307 1896] 8 
1 47 367]. oog|| 997 B6419]] 2: 3373] 79 if 
5 48 | 1396[0.00004 |[99990]1-35 505 1.31114] 72 
49 425] oo 990 84609 o8 56 11 F 
05 989 83732 "o6oo| 10 
89] $2872 0346 ? 
©0093 1 
6 29841 71 
4 177110.00005 4 | 
oo 937] 79593 
006 987] 78811 
986 73042|| 403 
386 77287] 432 
g85{-76554)] 461] _ 
. 89. . 


SD — 
— ns AND = 7 
— of = Ya RS th: 
; 2 | | mp 
| ; TER "I 
Ti T7 725120 
7261 ; . 7380] 
360 7641 
$58] | 7403 
857] 7166 
8551 6931] 
1998 54[1,2669-| 
"bo ; 6465] 
550 . 6233] 
8 
220 5 : 
2. 1- 6.801777 25773526 
57e 4 2180] 739). 3551} -992 
$21! 1 1 15 8 45 


5173. 
175 i 
| 7 | — 
| 211.0344 
. 6 5 9957- 
me "266 1387 2 E 32 
2710 5 
2 % 
22 
- 674 
— . : 171570 
719824 b | | 
822 2471 


0.0014 99677 109593 

141 676] 42 5 

1432 673 | 2 | 
1 3.204 FEES: 
247. 668] $960 
145 | 666 1 05 


0.00146 E 
147 6611 49 
; 659% 345 
657 193 
554 O41 
652 2890 | Cong 0.99544 12 ; 
1.07759 N 8 =o © 11 1 
| 589 8 bx : 296 Io 
439]]-* 8 5 172 


222 
2 


one 
N 


essere 


4 


© ob 


a. As. ths 
* . 


Irr667 fe 00298]; 


1 1494 0.02839 


ago 


i 294} 
290 


696 


725 
754 


Et 


296 
127 


i 71840 2.00307 


308 
310 


860 

89! 
927 
9560 
9850. 


2930 
234 


[19945 0. 98077 
7957 
371 


149 


5 29396 a. 9270 0.00353 


393] 357 


2.9144 x}; 


7a 149 
1 | 


pk 
_ 420 


304 
304 
0511 


443799 


3130 


N 


0393 
395 
397 
399 
oc 


427 
456 
485 
314 

$43 
73572ſ 00404 


629 
658 
687 
716 8 


407 
409 
411 


405 


4120 


99098 2 — 


lg: 


402 


201 
208 
0151 


6922 


9 — | 
087 
083 
2279 


40900. 00433 


119 
148 
177 


$37] 
439 


829 q 


15121 5.00503 
155 505 
1844 506 
212] - 508 
241 


270|__$12 


99075 


059 


86737 
—_ 
067 
063 


Mat 


645] 


»00514 

516 
518 
520 


15299 
327 


115 
41 


442 524 


12014 
043 
071 

100 
129 
158 


320 
322 


o, 00316 
3171 
319 


333 | 


| $60 


32] [13744ſ0.00 


773 
302 


831 
888 


4499052 


047 


043 
039 


1 15473 o. oo 526 


as 
5 30 
8332 
39 | 


5100 


5220 


Se. 
* 1 


Nr. 11 0a 
2 


— 


— — 2 <. 


— — 2 — 


8 2 
= th * 
A 
* 
— 
» *% 
4 * 


* 
* COTE I 4 


_— 


CE — 


> 
= 
# 


e 
"* = p 
* 4 +2? 4 
1 . * 


ok 


— 


EW 


AS 


AT 


* 


54. 


* 
— a 
* Aw 
Sf * 


| 


'> 2 
7 8 1 20 
» 
— 
— 3 OY 


4 r a. 2 


* 


N 
EG — 15 ah 
# * 
- o 
un - "IT 
4 ** o » # 
I 


ST 
— 


S822 


a 2283 8 


* 


— + Fo. 


2 
E 
* 


u 
o 


©2220 


K 
= . 


8 


$7919+-77 343 
EE 


00 
CET 


777980 
; \ 
oy 
794 


269 
225 


88 X 6go 


NAT UBAL SINES 


1 * „ 2 D. 10. 


8 


pf ” — — 
1 4, 1, nee 2b. 14 a v7 Dia es 2 22 "Fg 2 


14 


2 


IEEE; Ion 
> 822 — 


* 
- as » 


Se 332 


Sos Ly ne, 


. 


1 


3 
3.1; 
n 


wa 


" ö My 8 2 
— 4 — 4 
ND $ECANTS LES 
0 1 A 114 
—— — — — — — 


| 


1877 


{ 


8 


ID 
9826310.729407, 


$75: 


vic ? 


«+ 


_ 


Y 


WY 


P vii Hh 


m 


MEWS ]˙ u ˙ - 


* 
* 


M 7 
3 —.— "gn a 1 


5 T1 


* 


de 


2 


1 52585 


$4c} 96 
848 965 
3877 968 
995 | 970 


0 = OS: 


9901 975 

981 
984 
i 987 
92g 


© 933 973 
.[20962[0,00976 


224 * 1 


809% 33 
30 893 
797 834 
790 7975 
7844 91 
9777800678 57 
772 8 
766 7230 
BS, 317 
75 622 
743]-- . $63j1+ 


2.06992 


97742[0.67 $08 
735 4 | 
723 9 15 

737] 272 


2217 300. 776 
f. ? 166 
395 
920 


- 711 2141]; 


2130gſo. oscog 


331 117 
014 
07 
O20 
9022 


9770800. 67 136 
| 858 098 


028 
831 
933 
036 


1042 
045 
047 


053 
o 56 


0391 


050% 


1218240. 010590 


062 
\ o64 
; 067 
9070 
— 073 


42 
43 
44 


48 


46 
42 


2198 flo. 10076 
2013 079 
041 081 
o 7% 084 
098 087 

1266 ogo 


9755300. 5788 


547 732 
| 547 676 
334 620 
528 $564 

21 509 


0. 91254. 
| 257 
260 
263 


| 267 


; Wo; | 


97196[0.62867' 
138g] B15 
182] 763 
276] ; 707 
26g] 639 


1624 687] 
— 


9715506 62555 
148] $03 
141 451 
134] 400 
127] 348 


120] 297 


24361 8765375 
. 332 
5 
f 33 : 
34 


7340 
352 
| 354 


155 


405 


25207 01426 
449 


48 RE: 
91 183 96 


212 
240 
26 204 


9751 905453 
398 


231 


2 


245 
287 


126 


354] 223 
; 116 
410} 119 
438 122 


238 50. 01110 


1. $67 . 


0.65121 


066 | 


165 01272 
275 


971130. 62245 
106 194 
loo] 142 
693 695 
. o86] 640 
©79} 1909 


197072[0.61938} 
obs] B87jj_ 
os 836 


051 785 


44] 737 


0371 633 


. 26. 


2 25773 0.0148 
489 
492] 


125 
1 8 


ee 


A TABLE of 9 . — 2 2 
1 . THY 9 Fry 4 8 "Ws 16. 5 1 12 T D. 17. 7 8 | 5 
NEN 77 * 8 1 . NE: „L. © * 8. . . * * P „ ] | * | 55 * 
: „ Vo[Vo L. N. > 1 „ 86 
| R 1855 e770 9.011665 "55906 29237 W Pes, P 
10 | [8531] ' 592 719 9 F4 | | 
a, 1 645 727 + JON 
4 | 676 22 os 
3 22 2 
ay; 277311--017 38119 
4 279 741 . 
4 | : 787] 745 
9 815 7491}. 
101 843 732 FP 
111 | 821 2 » 
72 fa Es 0. 5.01768] | 
144 76 * Ol3k [340101 
el” 7731} oos 311} 
if 7741} 5997] 2671] 
27 1] 939] 224 
7 5998 100. 55181 
19 5 WIA - 4 2x38} 
20 Wl” 99511 
21 12 232 
22 94 x 
23 | 940] © 496< 


95931[0.54923] [399 


Ei} 30 :6 517 51886 
311 752 612 3874] 623 
'33 | | $08] 619 857] 838 
| 34 | | $36] 623] 411] 349 496 
| 35 | $64] 627 84c]| 841] 453 
36 [a6892[0.016 95832084411 8 85794 1 
136 pilgares 1 5 Fe 
381 $16] 326 
| 40 799] 24 | 
KS 792 799 1 
42 57820. 54157 It; 
143 | 774] 115 þ 
44 766] 73 1 
2 1737 A "1h 
| 4 749 3989 Il 
T2 740]___947 | 

48 [57320001673 | 95732 0.53905 I 


149 ' 256] 6760 980 724] 3563 


715 822 | 

| 707] 250 1 
698 738 , * 
2 —. 29 | | 
$681ſ0.53655 307306 e TR -: 
673] ' 614 j 7633 5 | IF. i 
664 ; $721] " 791 = The 


656] , 53" 819 E: 233] 


** 


* * 
A ey*; ci eg PPP 
„ . *#& > 3 
* 


5 4. 
- — we . 
3 
6 + $74 175 21 
. ces — — by - —— — 5 
, D. 4 x 
; * 73. 1 9 
1 
— _— £4 - 
_ — * — J 
den * ee ee eee eee PRI Ta 4 "450 ny tow e we — en 1 N. 
: 2 * b 454 , 
* ng * — — -- — 4 — * F 
* 


4 ” . '$ ? 2675 1 — 
— N SINES AND e ines WADIVG. 
| N. 1 N: 5]8-L-K[N. FN N 4 
do 3090.0. 05 179 5270 ITE 046599 50 
2 [95 15 71 | 96 1/885] $S10} 
:| 4 | 1013] 186 72. 45656 
|| 6 [31068|0.02204 50 52 ſo. 50769327200. 02459 34366 0.0272 9390 0.4618 54 0 
21 99 203 [ os 731] 749] 146 393 721 3531 54. 
8 223 212|| 033 6921] 777 462 421 938] Ws 55 1 
*9 | 151 2161 024 653 - 472 44 743 287 2 51 2 
40 17 221 | 015 615 832 477 475 17 4 0 © if 
22. 225  oob| 42]. 859] 487 LSA Z ieee 
12 15459710-5053$[32337]0.02485 345 3000. 027 5746-4628 4. 
12 $8] + goof] 914] 490 357 762 $39] 247] 47 If 
$79 942 ' 584] 766 32% x1] 467 
x ' Graf 7770 Buy] 078] a5J[. 
639] 776]| 80g] oqzl 44} 
666] 978of{ 2 | 43 | $1 
[34694 0.08785 937890. 45970 44 ||: 
| 779 941] 41% 
— 27 ot || 
1 | 
1120 395.22 If 
33316]0.02539 3119975 477 36 If: 
125 593 244% 543 728) -737| 35 |: 
2 6 271. 547 70] . 903 34 |: 
27 | 648 il 298] 3552] 6g] 669] 33 
326 3560 688 6350 32 
9473200. 498 523338 100. 0a 565 15027. 0847 3567.46 30 
$23] 381f/] 408] 570 | 048] 246 657] 53 + | 1 
$14] 777 +4 374 647 ti $00] a8] | 
805] | 739]| 463] 579 | 637] 1466] a7] 
795] 72] 490] 583 5260 432/66 
786]. 664] 5x3] $588 | +616] 405) 2 | 
9477710.49626][33545]0.02592 93606ſc.45365] 24 {f! 
768 389] 373 97 596] 323 
758] 3510 600 o1 535] ; 298] an |f; 
749] | $14]] 627] 806 575] ;a65| ar ||; 
740 4771] G55 610 56s] 231 20% 
2 2. $5] 798] 29 If; 
94721[0.49402|[3371 02619] 93 45164] 8 
7124 365|| 737] 624 $34 13 27 Ft 
702 3271[ 704] 528 2 .* 099] 6 
093 2900] 792] 633 $14] 864/28 
684] 2531] $2 637 503] egi 4 
216|| 8$46| 642 [__493]__ 4997] 13 | 
: 510-49179] [33374002647 wo 4496 145 i 
90 | 11 
Is 8120 
ol 3 
© 447 For ; A 
LAL 2798} 5" 
0.4476 | 64] 
$70), 73-5 if 
5. . 4 , 
. 666]: 3 
225 2 
' 2 14 


. -4 
*r e 


8 


121 


2s 2 r of NATURAL SINES AND SECANTS] LESS RADIUS. "Is 
RIF. 
9335N0-4456 
f 337 
327 
316 
306 2 et. 7 
| 653,0. if ng821e.4063 E 
93295 92953 0.42455 9 $ 
1 2 64 ; 971 $3 
2744 938 oy 52 
264 9480 545 5 
253 93600 81 * 
243 1 11. $2 | — . 
9323210.442 74] [3778 63345 91974. 464548 
222 1424] 811 350  -go2} 437] 47 
211] 109 891 ' 395}.46 
201 07 879 368] 45 
190] 44 ; $68]. 339} 44 
180% 12 E. $56] 316 | 
36325 587 931690. 43979 91845 5.40250} 4234 
o78|| 159] 947 $93] ' 251] 4 
\ 683]| x48] 925 - $32] 222} 40 
oss 137] 382 38100 192 39 
0930] 227] 8580 799% 21853 38 
oe 216] B18 771... 71344 137 | 
63103 1060. 43785 5.67777 917750. 40105 36 
167]| ogs| 753 733]] 704] 275 
11244 0844 721 7380] 752] ogt 
' I27]} 074] - 639 7444 747 e127 
1334 063] 657 yaol| 729] 39938 
127] O52} 623 Z 2 
O. 03132193042 0443592] 0.03760 9170 39930 
1371 £037 560 1766] 694] ' 503 
142] 020 528 7711] 63; 372 
147] oro] 496 7771 671] 843 
152 2999 4640 782 660 814 
157||_ 988] 432 7381} 648} 785 
0.03162 929780 43401 33430/0.03470 92341041533 4<03510.03793 916360. 39756 
167|| 967] 369] 456% 475|} 30 503] O62 2990] 5256 727 
172 956] 3371] 483 4800 088 804] 673 698 
1771] 945 zos|| 510 115 $xc|} 601[ 669 
1820] 935] 273]} $37 | 142] BSx5|| 590 641 
187]| 9244 2410 564] 496 168d 82 5781 . . 612 
o. 03192929 130.432 10 7559 1ſ,03 503 440 19 50.038260 1566c. 3958 
197] goz 178 7 221 332] 555] 554 
202|| 892 146 248 3380] 543 526 
2070 $881 114 275 843]I 592 497 
2124 $70 083 301 849 [ 579 468 
2T7]| 859}. og}! |_328] '854|| "508\ 439 
0.03222| [92349 0.43020] [137 52 e 914960394110 
223]] $38] 29380 - $331] 3650 R 382 11 
233]] $27] 956 | 408] 3710 © 354 
238]} $16 925 1 434 377 | Ihr 3270 
243] 805 39304 4 462] 382 1 449] 2960 
248] 794] 9621}. 1 438] : 3850 421. 269 
0.032 53927840 428310 40514 853793 91425 392 
2580] 773] 799 54399 42 
2631 762 768 905] 402 1824 
2651} 752} 736 1 390 154] 
273]] 740] 705 | 478] IT: 
—_278]}__729l-. 674 ', 366] enz. 
L. . } 
— 


r 


Sex. ry * 
e 


1 I A TABLE of NATURAL SINES AND-SECANTS © LESS\RADIUS. | .. - 
_ Wo Das WE. If. Ds. I . 5 2 
1 0 4 M N. S. IB. L. R. N. 8.8. X. 5s . 8. 
4 eee esse. 35088 [42 195337 9.046 
3 Fi. # 700 9233 343] 940 1 11 * (£78 
| 7074 | S301; 33%} © 0261p 325 389 
13 753] 450] 379] 3984/34 92 
428% 95% 309] g55|| 367 | 942 
. 2 
6 408330. 03961012830. 38899 [42420j0.04 12994/004671 
7 | 36> 966] 272] 871 446 gozch, 6 
$.] 886 972 260] ⁵ 3842] 473 046 
9 | 913] 928/[ 248 814]] 499 073 
10 939] g83]] 236] 7860] 525 ogs 
rx | 966 g989|| 224] '758]] 352 24 
1 12 (409920 03995 [o 12120. 48730] 42 5780. 04343] 441510. 4708 
= 13 | 1019| 4 200] 72604 349]] 470 oog|| 177 714|] 
or 14 o45] oobj[| 188 674]] 631 3551 488 oa8 [ . 203] 721 
= {1 15 |. 072] onal} 276 646]] 657 361 229 727 
"= 1} 26 | og8} of} 164 618]] 683 367 255 733 
1 17 | 225] oz 252] 38920. 2 373 adz| 739 
| 18 [q41151]0.,04029] [91140[0.38562| [42736[0,04379 44397[9-04746 
: 19 278] ogs|| 1280 534|| 762] 385 333] 752 
ö 20 | 204] ogoſ| 116] gob|| 788] 392 359] 75% 
21-j 231 o046]] 104] 4780] 315] 497 385] 764 


411 7711597 251] 38 
437] — YC ee. 
44464. 4783095720. 35200 36 
490 7890] 558] 174 350 
296 545] 249] 34 |] 
542] Sol} 532 123 33 
. $63] 808|} 529 o98| 32 
| 594|___B$15]| 506 073] 31 


22257 ogz|} ogz] a45c[| $41 403 
23 284] og8|| o8o| 422 f67] 4090 
24 43 100. 04063 [91068[0. 38 394429940. 04415 
of b 25 | 337 obg|| og6] 366|f gao] 4427 
| 26 | 365} o7s]| O44] 33*]} 946] 427 
{|} 27 39c o8o|} 032 311 972 433 
28 | 4:6 o86|] o2o| 283 999 439 


Ur 
— 
oo 


LEE: bat 2961 1 O92] | 2591 1.3055 | 445 — 2 . — 
30 414690. 04098 99g. 38227 [4505 10. 04451090259 0.3660 4462000 · 4821 $949 300. 35047 30 
31 | 496] 0] 984 2 o77| - 457]| 246] -575|| 646] 82 480] oaz| 2g 


32 | 522] 1co|| 972 172 104 4630] 233] 549] 572 233 | 467] 4997] 28 
33 | 549] ax5|| g6c| 144|| 130] 4690] 22] 5220] 698} 84% 454] 977] ap ||. 
34 | 575 121 948 1170 156] a475]| 208] 497] 724] 840% 44] 946] 26 
35 | 602 127 L a36 089 182 481 196 4690 2500 82428 92126 
36 4162800. 041320909: 400. 3806 143 2090.044870 1830.364430 [4477 0.048 59 894150. 34896 24 || 
37 | 65s 1380] 27% . 235% 4930] 177] 4½/ sc Bbs|| 4% 87% 3 
381 68 144 899 o06|| 261 Soo 153 3900[ 828] $372 389] 845] 22 
39 | 70] ngc|| 837] 7979|| 287 506] 146] 364|| 354] 5751] 376] 82% ar ||. 
40 | 734 156 B75] 351] 3233] 312 733] 338]| 880 334]| 363) 795} eo ff 
41 760] 161 863 924] 340] gif] 2 321 906 890 350 779} 19 
: 42 [41787[5.04167] [9085110.37896| [43366[0.04524| [90108]. 36285] 144932|9-04597 EEE il 


* 


143 | $1:] 173] 339] 8690] 392] 530%] [ 259] 9380 830] 324 21902 % 
44 84 1700] B26] 8410 413 536]| 082 23344 9844 9101] 302 694] 16-\f 
'45 see 12850 814] 3814 445] 54] o70] 26 5%½%% 9480 2280 bg) 0% 


3 46 | 89 ][ 190] 802 786|] 471] 5480] 057 18o|| 039] 922]| 285 644] 14 If. 
BY 2. 2 J. 10622 2821. 497] $54[j_245|___154|| ob 9291] 272] 6] 13 ||. 


»D 
> 
2 


49 972 z08[[ 76[ 704] 549 5661] 0190 102] 114]. 941 
5 998] argf| 753] 677 575] 5730 0 o76]| 140] 945 
51 2024 220 741 650602 5791 [89994 oso[[ 166] + 954|| 219 


| _ 52 O51 225 729 623 628 585 981 024 192 961 206 
= [ 53. 077 23! 717 895 6544 5910 268 5998] 218 _967 193 
54 [42 1040. 04237 0704. 37 568} [43680]o 04597] [399 560. 3597245243. 04973 8918000. 344 
55 [130 243] 692] 540] 706 603||. 9460] 269] 3800] 167 
56 | x56] 249]| 68 5740 733} Gog|| 930] 2200 295] 886/253 
57 | 183 255]|| 66 437]]} 759 626]] 9278 394 327 993]| 140 3 
[4 © 58 | 20c 261 65510 459 785 6221] 905 $68]] 347] 999 127 34 
8 = az 265 64 [ 432 $11h 628 892 342 37314 F005 1141 


— 


48 49250. 4202 [0778 9.37732] [43523]2.04 5609003 0.36128] [450881404935] 89259 9 1244 


; 1 ; 
. ho 
24 <5 — 
1 i 
; 7 : f ; G 
9 N — | 1 * 
* 4 * ets pens W * * wy hog * — 3.48 frag 
. * 7 x k 4 
7 


ates * 
r 


R wren , 
EY 4 P * PE 7 . 
* * POETS os — 1 E n 
= 9 pH FE LS - n 1 r 15 % IE; 3 1490 
4 * 5 k : . oY * d 
1 8 Fog — * * * — * 9 
EY wh, * : : | wa 
s 2 7 — , 2. 95 FW "> 
* % 5 ex © £7 
* - 
A. 


5 * 
ay 
\ 
- : 1 _ 
. a _ 
- 8 - 
P, 5 * < - 
. " ” Yd + 
a 7 « £4 
. * - 1 
— L o — F, _ 
. 4 - . 
2 * « = 7 o bl 4 
4 5 * * x x 
4 © 5 Fl . * + „ 4 
73 A F : * 
% : 1 8 
« '$ 4 191 4. 7 
L ON < 5 a 
1 £ 
. : 
Z % a 
. = { 
| * 


. G 4 2 
* 5 
— ca aw ow . 8 — - , + : 8 
_ 2 
0 _ 
. x ob 
. 1 
9 
by . 
8 , y "x 
9 8 
. = 
A = 
7 
5 
6 4 
. 32 
* % . We 
. 5 1 
* , % * 
+ 
4 
2 * 
4 
19 * 
© 
* 
« 


1 "_ TABLE of . SINES AND. SECANTS LESS RADIUS.” 
| D. 7. EST — Diaz === 
; * : ; R. 


LM 2 8. IL. R. & — | 0 | — —— KK. „ . 
— 8 | 29 $10-32839|44 9 $746 ras ce ff 
| I 2 e's” | Rs WL | af ©1448} nc] 59 1 
1 3: daß 27% 79 2832 4380 39% . 
: 3| 497] 637 T 7680 839 420 5 22. 
_— 4 | $523] - 033] 5244] , 346f|-» 405] 3532 6 
. . [| 2 $53 391 22 
| — —— —— | > 5 po 32697} [4 Sec [87377 96 | 
0.05051 32997 | 
=_—_ 7 +55 ® 057 673 867 363 28,%/ 3 
8 650 $741] 349% 26 
9 | $81] 335| 39% 5? : 
Q 8880] 1322] 2160 $2 if 
1. f 2 e 2 
| orga 590 7292-31170 45 
fs X 9170 278] 249] 47 || 
51 a — 1264 1250 46 "bi 
; 235] 2880 . 
221 655 43 | 3 
87207 24 3s 42 |}- 
© 278] 1 — ; 40 i 
164] 958 39 
„28% | 945] 3%. | 
LSL 923.37 | 
5562.55 889 f $7121 9.30900 2 0 
pe 68x]] 5880 576 107 37 5 
755] 6537T[/ 614] 583] 093 250 34 A 
741 6320 639 590 | o79] $33] 33} 1 
jj: 788] -  Gobh2:665) + 396 |- 064] 822] 3% ||: 
715|_ : ._oz3[{ ogof | 788] 32_|1- 
1 0.06030| [87036[0.30766].30 || 


037 022/- 744] 39 I}- 


oq51] oo7] 9232] 28 


30 [4617 500. 050) 387533855 4477160. 05610 
311 201 214 688 $351] 74? . 6x 


32 | 226 220 674 5110 767] - 8440 f 
133252 227 661] 487/ 793] 6310 o52|| 6992 699027 
134 276] 233] 647] 46 ][ 828] 638 0590 978] 6775] 26 
1 240 L 634] 4381} 844] 6450 ob6|] 964] 654. 25 If 
36 [46330[0.05247 [|388620[0.33414|147369]0,05651] 0.06073 669 49e. 305 32 24 ||. 
1 37 | 355 253 607 390 558 o80[] 9350 6270 23 
3s 38]. 280 50% 366 6565 0880 92 5880 22 
| 39 407 266 58 342 | 672 C950 906 5660 21 |}. 
01 40] 43 273] 566 318/04 679 102 [ 892 544] 20. 
FL 42 | 458 280| $53 294 686 - 299]] $78] 522/19 p 
1] 42 [4<484[0.05286 853933269 6 8655 [9.<6116][86863[0. 3049 % 8 
1143 5293] $526] 245 700 124]} 8490 477] 77. 
1144 | $526 300] 512 221 707 1310 834] 455,6 
111451 $561 306 499] 197 714 13? 82c 4331 15 
N 2 7 ET: 485} 173 721 145] 805 41114 £ 
7 13 320 472 140 727 153 22 28912 


48 466390. 053268845800. 33125 
| 101 
0780 


750. 05734876310. 31715 4969. 05160 8677710-30367 12 
746950 723] 12670] 76 | 
7480] 503% 6refſ 748%] 2174(j- 


| 739. $00} 054 755|| 539] 649/ 773] 18, 

| 52 742 353. 9030 762 575 626 798 189 
122 360 oOo 769560 60 ][ fag 196 
5 54 4979310-05366 $8377 0. 32982 3280. 057 76 875460. 31520 498490. 00203 
| 55 219 373 958 7831] 532]: 5571]. $74] 211 


7900 $38] 534} 399] 2at 


56 | 344 380 
7971] $0 511 9244 225 


934 
$7 | 870] 286 * 


910 


55 896 393 | $887} - 804 49 4880[ 950 232 
2 4 362 0 38112 476} 466 9075] 240 g 
l ; D. 623. D. iE 5 
| — = _ — — ——— = 8 1 
2 | . ä 6 | 2 _— 


= 
[ 


* 
* 7 
4 
| 
| 
f 
f 
. 
f 
' 
' 


mc. 


WES 1 


. rt RD kc 


— * 


74» — — — Ce RIS 


. 


8509 479 


. ͤ ͤ—ͤͤPvR W006 MST IU G24 r | 
2 INES AND — 
HN. S. SER] N 8 TK: E. A 5 TEK P. E. N. 
88800 1 03 2 o.p6kg3 5797 $3995ſopra5h{{Rgiosſo.hngngl 
: x ||- ans "n Jonas 2 9 50 339 369 
422056 2 5 2 9 27 27 3839 
3 254 037 - 126 | 2382 259 - 9 

4 | 101 276 01 724 19% 74 40 
LA 290911} 6 747 1970}...755]__47%; 
1 70157 6291086 51 5/0.29972} {5 M653 __ 53140 £720 5119473 310-2745 N 
2 2% 295 2 3 247 213 97] | 483} 53 
' 1$ |: 2021] 205 928 2210 6% 4 
1912213 907 29 666 ; 398 3 
2 aol. 49] | boelf -2s 2 1559] |. 578} 8 
bx þ 377] 327 21 _\ 86: . a 
| 3% f50392[0.0633 5 0.29847 0 783479. 7327 5 
13 2742 |; $0 © "6x <5 ' © $77 47" 
' 14 | 352] 330 2795 26 27 
15 397] ; 357 776  =77þ}: 93] 77 
' 26 493] 364 75 5 5 285 - 557 257 
27 | 2. 222 73 . - 29 x 

18 [5045 300. 906379 0.49712 o. 02301 

19 | 478286 690 30 

20 503 3940 663 

21 528 4010 647 

22 | $53] 409 625 
23 $78] 416 604 

24 50. 03]c,o642 3 0.29582 

25 | 628 431 561 

26 | 654] 438 539 

27 679 446 518 

28 | 704] 453] 496 
129 | 729] 4610[ 179] 425 | | . 

30 50740. 6468 0.29453 6.8790 $373® ; 

31 779] 1750 432 7 
0 32 804 4830 410 

33 | 829 490 389 
| 34 | $54] 498 367 

35 |._$79|____505 346 427 

36 50904 o. 065130 0.2932 5 0.07445 134245 5.26860 24 

37 | 929] 5200 * 303 454% 239] 840 

38 | 954 528 282 4 402 2144 Sac. 
139 979] 835 261] 4700] 198] 300 
| 40 | 1004] 543 2390 78 252] 272 

41 | o 29 Fro 218 486152 262 
42 510540. 065 58 0.29197 0.07017| 0.07494 3415100. 26741 J 

43 | 790 35650 176 024 502 [ 135 

44 | 704] 573 154 032 Fro 120 

45 129 580 133 oc 528|] 104 

46 | 254] 588 112 o4 527 088 

47 [ 12% 895/211]. og 056 I 

48 512040. 06603 0.29069 0.07064 2.075431 (8495710 

49 220] Groſf 048 071 58101 041 

50 | 254 6180 o27 079 559 [[ 25 

51 279 6250 oo 087 567], 09 
52 3044. 633 898 5 o 5 575 83994 
5 | 329] 640 964 103 5831 987 
54 51354 0.06648 0.07111 0.07592 $3962 
55 | 379] 119 So 946 

1} 5s | 404 126 , Go8[] 930 
'57 | 429 134 6176 25 
58 454 242 624 3899 
| 150 4391 6331[__353 


9 — > . . K n TE” row. can h 6 "IO EMA "v3 1» q 8 * 1 DES” 
N atk => - 44 wt n 0 "IM * 1 . et . ** 1 , » * — k 
JOY Jas —— WOT ; 8 a 1 - * dg "WP f hy £+ fr 5 4 2 "7 = bo. . >. + - Ooh. ny” AN » \ n 5 o 9 * 2 nA n en r * 
TT 25 „ * * * 9 er. 9 T N 2 — 2 * . W r 2 7M 2 A TY 57 2 L 7 N 1 { * 
1 wy I [ext > bale ht? 72 5A 1 v nt ov Eo ES, LOTS <* — f PUMA Pd 1 r 1 * 4 7 o BO . TLA * 
> Es. * la, AC. — ba I Tr. ad © 8 2 . vb vs Bones * N LEY — 2 ** * WY 3 LOS £5. FE L — - IV 2 r LT. * 3 N Loh 16 * — <q L 
5 5 3 * 8 > FLEW bs 7 2 X * U q — 5 by 4 OS Os So 4 4 12 . L PN y - « _— - - = 75 Oy 1 
p 4 þ "__ N , 2 * * Wo 1 
- # 


4 [ . 4 8 — 2 S 8 
if n r Icy 1 8 8 5 N > 
F ot bn 3 I. RR, 8 r wy 

7 
8 


Yi 


| 4} D. EEE [ 8 


8 "I 6— 2 


Bf. þ2 * > 
n 5 Re 


x . l / , . \ . x | : : | | 1 
« 1 * 0 * > * x } 2 
- * * 2 * * a 2 _ 

5 s C 4 ; 1 s - 4. C ; | 43 : 

* 1 : 4 — 55 14 9 4 
4 s | ry 2. | F , wn. : 72 > 4. 1 

* * a * « 8 F ; g 6 » - : 3* 4% 

© p . » 5 * ” % , 2 . ” * ; 6 1 
TUIAL SINES AND. SBCANTS LESS RADIUS. | ; © 
2:0 8 C2 | U A 
' 5 2 ; * 35 · z 

S 7 \% S > . 
5. 4. D D 


A TABLE of NA 


- 


KASGYHY 


* 


4 * 


89 0 
(5 
wu 
Y.) 


— 2 6 
— 


20 


2 
de 
298 
3806 


E 


1 


a 
» <4. oy 
— 


4X 


N 
* 


210 0.24240){c86371c:093490 [81004104237 B5 
2999] 23% | : 165 
817 


| | 265 | 
| | 299} 15 "6770-29997 290 


. 89982 


ran „es 
— ͤ (m nm rn rt - 1 K 


| kb .x 599] -755| | 795}[--9791 09 y 
| | = | a $$+ | 1 , D. 54 » 3 
© - — — — — — 2 


1 


YR, *** od. a. 


4 mT TABLE of NATURAL SINES AND'SECANTS: LESS RAD: . 1 

'J} | | - 

if 

11 | 15 

. 5 $ 

146 * 1 57. 

f . 56 

ö 2 

' $54 

| $3 

| $2 

L $1 

Ti — 

12 |5g061]q,0931 5] [$0696[0.22850 
13 | 0844 32411 679] * $64] : I} 
14.| 208] 338 387 It 
15.4 337] 343 909 11 
16 | 154] 352 932 | 

11.27 178 361 955 E 
14 18 4592010. 09370 61978 If 
19 j azs| 380 2001 75 1 
1202480 389 0244 12 i 
1272 398 046 TH; 1 
22 29 408 [4 - 069] | 85 1 
23 | 318 417 | 41 oga]. ty by: 

1524 [59342 009426] [$0489}0.22664 11500. 1058 5783690. 20681 | 
25 | 365 4351} 472 647 633 - 238] 395] 35 1 
26389 14450 455 z 3 * 160 605 . 
27 | 412] 454/]/ 43% 6573 605183 

28436 463] 420 595 3588] 206 t 

1.29 | 459]. 473] 42: 578] ZIL 229] 1 

| Þ [59432 0.0943) ozEbia.a556 225550 a2 5100 | 

| 37 | 506 497% 3600 540 332 ⁰ 7 1 

| 32 | $29] 5010] 357 527 522] 2977 

4 33 | $52] 5] 7 334] 5700, e 320 1 

34 $76] ga 326] 493 1:49 | 342 | 
35 |_599 -5291| 299] _476\|_ | e Hl 

1.4 36 ]59622[0.09538| [802 8a. 224 59 [6 101 fo. 101 1792290. 27145762388 0. 10706 1 

11 37 | 646] 5470264 442] 038] 221] 221] 644716 | 

38 66g] 5570 247] 4250] 61 1231[þ: 293] 424 433] 726 I 

| 39 | 693 566|| 230 +<go8[| 084 141 #79] 40 456] 73 | | 
40 | 716 576 212 3910] 107 255i 139% - 479] 7460 1 
47 } 739]; _5*<|| 195] 374|| z 9560 | 1 
42 59762. 09 59550178. 223570611 53/0. 107707 1220. 213580 (625 e 7 | 
43 | 7860 - 604|] 260 340]| 170% - 28cſ| 205] 3420 548} 777 

4 44 } Soo} 614|| 143]. '323|| 199 -2goſſ 87] 33260] 370 7871] 

45 | $32] 6231] 225] yoo} 222] 1990] obo] 3090] 59a] 7970 

a6 | - 856] | 632] 1080 2890 :245] nogl] 051] 2920 825 807] |-- 

47 3 642 1 2741] 26821 0331 2771] 6388 877 
1-48 [59902 5 [$9073 0.22256] [6129100 10229|17901 261052 7027 Tt 
1 49 N 56 56 239 314] 239 3992] 244683 33 1 
130 | 949] 57e 7038] 2221j 337 2480 980 11 22 706 $4 8 

184 972 8e ei ; "205 3500 a581| - 962] 78 35 | 
32 -995] 6890 003] ;' 1880 388 26 245 28 

IEA. ee 2 406] 22 JL. 2 2 L 22“ 27 A 

54 [0042j0,097083| 17y963/Q.22 154/6140. 1088789. 1163627960. 20 6 
$5 | oss 718895 % 4180] 450 2980 890% 2147319 8 1 3 

| 56 | os 727 934] 22% 474]. gorl] 87 123 Baak | 5g b 4 It. 

| 57 | 222] 7 735{ ©9201] {© 4375414 - B6al [-: gag]! -+#6of "3 It” 
58 | 135 5400] Bgo '*, O871}." 520] 327] 1: $37] 98 887] 9290/0 i944} ©}. 
x58] + 756}| +887] | 070){ 543] LA esel |-:g400[ 4:99.41] (+242 8h atk 


j0.11322 
2332 
1343 
3533 


224 


- 3s 32 


1* £430 
"+ 2 


$47 


, +496] . 
- 7518] 
3340 
975 


5 

wb. 

= 
las + 


67 
> +3780 
zeig 
ade | 

111 


| 


— 


"IF. 


en. AR thee 4 
1 
1 - 
* 
* . 


£4 
es 


Peer 


8885 


fe 


88 


18 


—— -— noel — 


—— 8 * —_— — s _— - - 
1 
o . 
4 o 
4 "$8770 7? p 4 
1 
* . . - 
lily ©.” * 
. 5 
» . 
1 


$49; 6V 


— — —_ 


2 


aL 


— — 


þ% 3-3 EN 


295 


HES/AMEEECANTS AESS. RADIUS: 


730 
752 
7 
= 


57 
215 


3 
— 


3] | 353 


318 


2 16-682 0713306 | 
7090 


3 
| $41 


355 


67816. 13376 
788 


400 


411 


1 


829 31 
911 


ET £5 


; . ot 8 Ee. HY , 


: 
. od bd 


(ET 
7182 


L 792 
672 
252 
2732 
21 


0 £971 
3Þ 
0.1574 
71 
* 718 
205 
692 


': 2679 


775 


2777 
7527 


1 


222822 2 


bor | | 
©1297] 881] 


1 
2 


5 


4423 


452 
432 


393 


412) © 


73173 
EE 
333 
k £ 14 


19 4% 
2. 


3254 
8 34 


41 


770 


0.325 

467 
235 
242 
216 


22 888 


2 38 


$2384 


£55 5s 


1 


— 


22 


324 
wo 


'” 4 288 2222 


6 +. "6x 
"a = 
* -4- "WT - 


3 K 2 K 9 
1 ey" > 

oy * : "1 - 
* 5 

. 

* 
4 
d * 
we hes — r — * . * 
* RV 3 n 3 nar ſy om Ku 3 2 — — — Capabe — —— v—— — * » it 1 
* * 8 5 py a 0 % : 8 ry * Sue * * ay * +. * * - "LK 
n n r e : 5 3 A . KK mala dn fn» —— — A 3 „ oY CO EN * ab r — „ * 6 9% 
* „ Kt Ad db ers n, + rr er. IS v a F x d 2 ; y - 
4 2 - b : . 


x 


oa * 
* 17 


— 


„ 4 
> 7 
CGR — — 
* * 
— 
— 
- 
* 
- 
— 
2 
* 
ä oe 
— 
— > 
5 . 
7 
— % 
ae 
* 
——z— W — — — 
— 
XY 


$4 


— — 
- 
* 
* 
a 
4 * 
ty 
” 
. 
* 
— 
— 
2 


j 
1 * . 
1 4 | 
þ N 1 
?k _— Gt wen was, — FI 1 2 5 * es A. LE wn - 
* 7 - . 2 G 7 
{ : FE 3 | A 25 
; an a g i N | | 3 2 
| > * 8 1 
% : I 3 . 
x % » 2 + - n 4 » . a” 
I 1 x N 8 ; 4 X . & 
| 8 N * : N 4 . 
: N » z 5 
* : 4 - . © YL <, P : 
- 4. : 4 + 4 . 
5 * * — % 
Py * . * 1 
* p * * 
* 
* 
4 o — 
* 4 . 
% * " 1 . 
, * 
* Y * . & 
; "ES | s / 
; 
[ p 1 
f » = 4 
: 5 9 9 
* * . * 


! I. ' ? N * * 


A UNIT TO TEN THOUSAN D. 


"A I. - : / *% 


2 


» N. 


1. 78533 Br 
. 9239 2 


00 


8 


3 
4 


* 
ol 


aw 
$ 


7 
32510 8 
9 


4510} go 
7p T. 85126] 91 
3733] 


YC 
= 


i 


Op þÞ w Þ = 


Py 
880 ow 
ow of + w 0 


* 


„ 


N 


010 2 2 | 251} 2. 39967 5520 2. 47857 355 2. 54531 | 
2 colt 140140 3001 4654 R 
Ws 1284 — 92 |. 3} 33120 5 81440 | 
py 1703 N 48257 
2 2119 1 8430 
| 1 FACTIT | 306 2. 485721} 356 
2 ©2938] l Þ 7041 * 
| 8 60 10 9136} 600 5630 
2. 84532 [161 2. 206830 211] 2, 3242802 172 792760 361] 2: $5751 
4922] „ a 0952 2 12 | 4 72 40 2 bs 71 
811365 19 N * . . : 
i e "4124 4] 22 
o7ol| 5| 1748] [ 3244 LS 2 22 
2. 06446|| 166| 2. 220110 Tt. 2, 33445|]..2 316] : Foy 2. 563 
819 7 2272 3646] [-* 2 645 
7188 8 2531 8 3846 8 8 6585 
7555 ; 2789 9] 4044 2 9 6703 
7903111772 3246014211 42427 Race if +, 6820 
2. 08279|| 171] 2. 23300|[| 221] 2. 34439 321 371] 2. $6937 
- 8636] 33553] 2} 4635 2] | 2] © 7054 
Bogiſl 3}  305]] 3] 4830 22 3” 7470 
934] J 10550 4| 5025 4 72370 
9691 4 4204 L. 52180 1 5: 55174030 
2. 15037 176] 2. 24551] 226] 2. 35411 3260 376 7 hy 
" 0380} 7 1.4794 +7] © $603 I + 7] t 7 
©721]|] 88 5042 8 3793 88 8 | 
105 9 5285[ % 3884 a 90 25 
1394]| 8% 222% 89473 161} 30]. 80 7970 
T 117271| 181) 2. 25768 231] 2. 363610] 281] 2. 448710 33102 181 2. 78 
A 2057 '2 6007] 2 "6549 2] : + $925] 1 2 : 2 7 2 | 
2385]| 3 6245] 3] 6736] 3 577% J - 2244] + 3] | 8320 
27100 4] 6482] 4  6g2H| +4} 1:5332]] + 4| 2375 4 $433 
3033 5| 67171] 5| Zz 5 $484|}_5} -  2504j| + 5|!  B546f} 
2. 13354\| 186| 2. 2695 10] 236|2. 372910] 286| 2. 45937]] 336] 2. 526341] 386 2. 58659 
367 7 7184] 7 7475 7 $788] -7| es 7 877 
8 3988 8| 7410 8 7658 8 5939 8 2892] 8 8883 
430[[ of 76460 9 7840 gf © 6090 9 3020 280997 
46131] go 7875|| gol B8o21|| go] _- 62400] 40% _3148]] 90% 91060 
2. 14922|| 191] 2. 28103] 241] 2. 38202] 291} 2+ 463891] 341 2. 5327511} 39102. 59218 
5229 [ 2] 8330] 2| 8382 53403 2 332 
35534] 3 ._ $5561] 3] 8561 3 7-3] 3529} - 3] 9439} 
$8361} 4 878% / 8739} J 6835} ] 36561. J 225 
6137}| s _goozll L228 285. 255 
2. 16435 2196] 2. 292200] 2460 2. 39094 909 2. 47129 34602. 539080] 396 2. 59770 
6732]| 3 ee 72760[ 2 49331] I 9979 
7026 8 96678 9445] 8 7422 8 41581} 9988 
731906 9 9985] '9 g9620|] of 7567] 9 4233} of 60097 
760g] | 200] _3olozil! 2922 L22212 352, cles. 02061} 


r 


brug 


e. 1 


* — — 
AS. ws nn 


4 TABLE Gf COMM 


— riley — —ü—ü—ũ—ꝙ 


RE.” IT — — 


* — 71 


* 
4 7 * 
. 
— 
+ * 
3 S 


o 15 700 rad, 


— 


e 


* N = 


E f | * logs 12 2 42 
| you} ] 451] 2. 65418] 501 2. 69984 "vol! 2. 7788 
2 2 \$514]| 2 7oo7of 1 
31 23] $6190} "gl jerg7hh 3 
4 4 57000 4243 4 
5 FRM, $801 © BE. 0329]. 5 
406 | 455] 2. 65896 5065/2. 70415] 
7 1 $992 1 
8 FB 1 8 be b | 
| | 181]] of. 
| 12 85 52760 5 0757 | | 
411 461 2. 663701] 511] 2. 70842 2. 82020 
2 6464] '2|_ 9927 2086 
8 1 68583 1012] 2151 
4 054 6652[ 4 10960 22171 
5 ne 5 
416 466] 2. 66839]|- 516] 2. 71265 ) 
7 [7] 593/ 7 1349} 7 
81 es 8 143344 8 
9 FEY 71171 9 151 .9 
20 70 7210] 20 160 70 
421 47102. 67302 521} 2, 71684/5710 
2 2 7394 21767 2 
1 FN. "og L 
175281932 4 
5 8e. 
426 470 2. 677610 526] 2z. 72099 576 
7 eee n 
8 i 8 7943] 8] 22630 8 | 
-9 "of :'Bo34i|[ ''of 234606 | 
3o[-- 80 8124/30 2428 80 J 
431 4810 2, 682150 531] 2. 72509 581 641 '6B1 2. "$3315 1 
W 2 .*8305|] 2 ec0NWNt: -2 | 2 33781] 
* 3 3383950] 3] 2673 [ J 6567 13 344211: 
4 4 8485 4] 2754 4] 6641 7 ? 
5 —$|___8574|[__s|_2835||' 5} 6716 
| 430 486 2. 68664 5360 2. 72916|| 586 2; 76790 | 686} 2- 83632 
7 \* 7] 87531] © 7] . 2997]}"- 7] 6864 | 7] 36961} 
8 & 8 8842]| 8 39781] 8 693 
9 2 0 - 0 N - 3759] 20144 | 
40 — 4go| 3239]} 90 2 
441 491| 2: 59758 541] 2. 73320|| 59102. 77139 | 
2 2 9197 [ 2 340 2 7232 be 
1.3 3 gz85]} -3] 3486 [ 3] 7305 | 
4 4 9373]} ' 4] 3560} 4} ' 7379 | 
5 SL 2401S] 3648 5} 2468 2M. 
446 490] 2. 09548] 54/2. 737191] 596} 2. 77525 + 696 
| 7 7] . 9636]] - 7] 3799 75971 is 
: 8 972311 8 38780 76700 8 
Ta, x 8810 gf 3957 7743 | 
gol / | Fool 98697] 5 493 78151! 


: 


FOLK 


r 


1 


— 


— — — — — —i . — —— — 


| 


70102. 90 


© © cw 


. oo o 24 1 N. * 4 U. | 
4572 


E 
i 


N. 


851] 2. 92993 


o 2. 93247 


— 


. w T a ds en et, et . CL SIN 
© 


1 


298 


k 2 

= 721] 2. $5794 
= 2 854 
_ - 3 914 
=_ 4| * 22 
= 5] 603 

: Nj} me | 

it 7260 2. 360g 
1 9 
| YZ 30 

I 73 1 
BY £ 

or 1 


3 


8 8 DD 


row 


2 
D 99 


* F 4745 TE of COMMON LOGARITHMS, , FROM , ro 20,008, 
= A 


| 
KH ww 
= 
\S. 
wn 
\S 
al 
fu 


"OF" TI TT, TS 


Ef 


n 
— 
0 

- 
wo 


00 
On 


9990 
6847 


—_ 


00 


2 


8 


128 8 Do way 


2 
8 
9 
O 


* 
— 


ers- 


IV 


— 
. 
Moos 


3 


"Gl 
1 fs VI Ws » 
; BW 


| S DU 


— 
a. 
J0<4-., 22 0 


e 


2. 88688 7886 


806 
8640 
9221 


747 


81 


N 


2. 92221 
227 
324 
376 
428 


8 


90 


2 
3 
1 
7% 
86] 2. 8 


\O 
2 
Y 
\O 
> 
N 
1 
© 
So 


Quin þÞ ww 


174 
220 


- 267 


1 


2. 86982 
7040 
999 
157 


216 


2 
D 


13 
8 
1 


5 
5 
72 
* 
% 
* 1 * 
WY 
-B 
= 
= » 
BE - 
- 
_ 
A * 
3 
b.. 
'S 
=_ 
ca 
Fe ? 
7 
RY 
ö oy 
'S. 
1 
2 
N 
RE. 
=» 
_— : 5 
= 
. = 
=_. 
4 , 
4 
43 
\ 
T 
ra 


2 

2 — SE 3 
uw 

1] OO ow 


27 87274 


ISIS 
399 


_ 56a 


2. 89818 
873 
927 
982 
2. 90037 


kt 


2 92480 
53100 
583 
634 
686 


7 
Te 
9] 
I 


8 


91 


2 
3 
4 
5 
6 


2. 90091 
146 
200 


255 


2. 92737 
78800 
840 
89104 


89 


7 
8 
9 
900 


2. 95231 | 


279 
3280 


46 62 86 0 


* 
8 o6 2 
3 5 309 
N — * — * — . n 
« » 8 i 
* 5 : 
. 1 « g 
4 1 Y * ; 1 
"Ws 1 = 
4 "FR # i. as. * 
— x 0 
"0 Ai | 
D 
__ 
= - . * "STEM . . 
_ y $6 Bs, 8 Ih : * 
| - © "VE 1 
3 * G N 
4 : ka. RY # * 
RA 41S ,1 IM 8 r 


| . wy dart \ of * 


—— . 
A 51 COMMON LOGARITHMS, 7e 2 > 100 


— 


ol [1101] 3. bet yer A 0 3 


= 2. 


8 2 "= 
©, i 
„ „ N 
1 


P — j * 
deb 
— 


0 
O 
ww 
0 


8 


* 
8 
8 


Os 82 ow 0 
© 
[O) 


— 
— 
* 


53181126 3. 515401 
22211 7 1924 
231] 


30 9 259 *5| 
342]|_ 30 308] 80. 
3. 33830/11310 3. 5346 


4200 3850 


— 
0 
2 f 1 
2 
— 4 
— 
= 
— 
D 


N 
S 
N 
0 


- & a 0d i 2). 


822 | 


wa 

. 

0 
(GS) 
\Q 

80 

— 

— 1 

wh. 
» 

oo 
* 

2 
uy 
. 

— 

— 
3 


3. 01953 
995 
2036 
9780 
119 


1 


= TABLE of COMMON LOGARITEMS, * n bY 70 | 10,008. | 


* 22 
21. 


WH 2 


2 \ 
Ow ew 


BF a 


E: 


ER 3» 76619 2. 


704 


222 


8111 7 


- . - —_ ——_— — — * 
rr — — PLE _ * 7 
LA IT 


rr s 


3. 77858 3. 19481 


r CITSIRTIR Vc OE ITT: ST n 


Ay rie 


þ 


1371 | 3. 15259 1471] 3. 16761 855 
2 2 goll 2 | 
3 3 320} 3 
4 4 38 4 
5 G 38111 5 
1326 1376 * 771 | 
$ 4 7201 0 
9 503 | 
10 8] 83480 
| « 15564111451 
I = * 3 27 4 l 8850 * ob 
3 3 '; Gag} 3] ©. Falk $541} 3 
4 4 6551 4 143 5830 
8 5 L 173 51 f 
1336 1386 | [ 3. 15715} 1486 3. 17202 Jo 18639 1586 
; | 7| J 7460 7 231 657 7 
5 8 | 7760 8 260 6960[ 8 
9| 9 | dos 9 289 7240 9| 
. - fe 1 22429 
1341] 1391] 3. 1586614913. 17348 3. 1878001591 3. 
2 2 897[ 2 377 8o8j] 2 
3 bs g927]| 3] 406 8370 3 
* 4 9871 4 435 8656 4 
5 ; 5 9871}__5| 484] =) |S 
1346] 3. 61 3. 160171496 3.17493 3. 1892101596 
1340] 3- 12905 * 0470 7 523 3 
8 8 771 8 551 9771 8 
9 9 1070/9 580 1900s|| of _ 
| 5 137111500 509 033 þ 


"A. "TABLE 2 COMMON EL 79 et hoe. "WM; 
i £1 | IN, 8 Þ; x . =|= N. R RE N. | * : * N. 2 7 1 
| 165 3- 215 0 3. DET 55 7 77 721 * 
5 13 | 
33 #1 
| 
7] 1 
8 | 
9 ) 
60 | 951 
8870 J. 1513. 3579 ; | 
0 a, Y 831 Pt h 99 [| 
3 | 34 * 7021 
4 86 65 45 
223 888 - :068 | 
111666 4 171613. 23452766 3. 2594 see 3. 27091 It 
; 7 M7 $35} 7] 214 
8 220[0[ 8 gozl] ' 8 95 8 138 
94460 528] 9 9831-9 11619 
2c} | 2721] 20 $531} 70 So L 2 
1691] 3, 22298||t721] 3. 238780773. 2 3. 26034 271 * 17207 ||| 
. 2 603]ʃ[ 2 846 oggh-: 3]  - 231 
e 629 3 871 790 3 — 
4 3760 4 6541] 4] 895 102]ũ [ 277 
A 2 zel 5] 220 2 
| 3+. 2116763. 2s. es 470 4] 3+ 46150[[1876þ 3+: 27323 (| 
43911: 7] . RFI Por 0p 12274} 7] ©7349} 
165} 8 4791] 8 7541 81 1993 1980 8 370} 
1924 5 505 9 780 9 5018 221 9 393 
| 219]] 20 $31]| 30 dog] 80 042 245 80 E 
3. 21245|[1681| 3. 22857073103. 23830] 1782}. 3. 25066 3. 262697881 3; 2792 
„ i  *2 5834 2 855[ 2 og 293 2 462 
3 299 3 608 3 880[0[ 3 115 3160 3 455 5 
| 3251 4 634]] 4] 905[ [ 129 340% 4] 5080 
r ., | DAS 1 ARSE > > dons 6 EG. SL 531] 
1636] 3. 213786 3. 22686 2 2395/77863. 25188 E 
7 405 7 712 | gBofj' 7 212 » 8970 
i} $ 43! 8 737 | 4oog]} -& 237 | 
7 45800 9 7534 $ oz 9 261 
. . | .. o 
11641] 3. 215111691 3. 22814/7403. 24080 1791] 3. 25310 | 
lj TN FT c 
3 $641] 3 8661] 3 1300[⁰ 3] 338 
1 90 4 8900 4 2550 4 382 
— t PBL A 406 | 
16463. $1049] 1696] 3. 22943||4746| 3. 24204 17963. 25431 |} 
2 66g} 7 g68]] 7 22 '7f 455 | 
we - 9 6961] 80 9940. 8 2544 80 - 479 | 
hd hg RN 2 08 | 
Ec . | 


» I 


wy LY 


woo 3 


. 


8 a MER r . enn r . 
4 * * * tow Ms 2 the) 2 ws 2 A CR _ 
_— — * = _ = — _ o 2 
r, , e 


of; 44. 


— — — — 


rr 


880 a TABLE COMMON, . won ts 20 Iv * 


Joi EIT 
255 

276 
298 


920 I. 


| 2034] 3 


1 1 
4 
* 5 


70 
48 
8 


BY ©. 


i 
. 
* 


-: 31197 
| -218 


t. 260 
281 


3. 31302 | 


323 
3435 
387 


* $2243 | 2 5 


28444 
5 os 
1 


3. 32346 
185. 366 


TEN iſe 


384 
406 


1428] - 


2061 3. Dies 


8 


55 83 


429 
45⁰ 


7 


402 


3.30449 
471 
55 
514 
$35 


3+ 31513 


3. = 
24 375 
398 
421 
443 


3. 20466 


. 
oO 


81 
81 
QA 


2 


. © 
00 


8 0 


1 
OO 


Oo ow 


305 57 
8 


2 . 


E vo 


6 55 


|. — 


027 
048 
6 


3: 31091 


2096 3 


2 


81 


2100 


"Is 
726 
24 


| 3- 5 3766 


| 12 | 


"826 


de Ar AL 


2 TABLE. off COMMON. LOGARITHMS, — — fie 70 Boo. 


55 3 $5238 
1 7s 
3 "274 a + 


2304 
2 


— 


e 


OO ow. 


- » 
— 
— 


2 


3. 2 
773 
791 
810 


Pr 229 


Oo © cow. 


4 EP 
„ 
N 1 a 
280 Gow 
U 


oy > 02 to. 


5.8 


40 


3. 308 
Tag 
884 

; 903 


— 


— 
3. 36940 


* 


— 


£ * N 
1 
* 


Q \O 0004 
mY 
te 
Q 


773. 3s FP 
[! ', 

6 686801 
7 2430] 3+ 3866 


650 


686 
7931} 
721 


= 


Sn 
Ww 
S >> 


— 
wy 
S 


3. 39637 
2| {= 65g! 
3 3c 678] 
41. |: 69008 


= 
_ 
— 


4 = 
* 
- 


_—Y 
* 


OO cow | 


—— Bo © 
5 


— 


-- I» ” 
# 24 on ; 
. . . 
2 wr 
— 


55 3. by | * 4361 


. 15 


201 
— 217 — 2 
3. 43733] 750 
"24N]. - 
205 | 


* 4 
n 5 15 


Tr J1 I}; 
51 


0 


25163. ws 3. 79 27 | 
SES, o88 409 
| 13106 IS 9 ; | 
1789 123 En 
2 140 — 457117 — 
252103. 40157 3. 41010 777 | 
> 8 15 179 027 „ 
3 192 044 99 
44 209 061 — 14 
2 i; £29 +078 ; 4 - TAY 
2520] 3, 40243 3 41095 E * 7570 ö 2776] 
«74; 1 000 111 935 558 "al 
80 155 278 128 Ie V8 
.:.9] | 299 145] 979 +6 on. 
"3 20 313 162 on 6| 800 
25313. 92 3.41179 3. 42012 . 
2 346 196 .-oz2g|| 
3 364 212 | 935 8 
4 381 229] 062] 
1 402 ; 
2530] 3. 40415 3: 41263 3. 42095 3. 42971 
7 432 280 11111 | 9271] 
8 449 296 127 9430. 
99464 313 1444 9591 
_40 483 330 1601] * | 078 
2541] 3. 40500 3. 41347 25 42177 3. 42991 
1 518 364 193] 2 3008 
3 380 210% 33 624 
4 5521“ 397 226 4 040 
| 3. 40586 3. 4i430h | 3+ 42259 696] 3. 43072 
603 137 71 27510} 7 088 
620 46400 292 8 104 
6371. 481 308 9 120 
E + 425492 1 


— 


77) . en 


7 " 
- 
* — 
d 7 
4 Py x us 
r 
* 


— iy 

3 
0 wo 3. 72 
N 1 #7008... 


5777 
1330 


me. 
' o 


— 
9 
- 


| 
—2 
1 3. 85861 
= 19801 
3 615 
| 4 629 
e e 
2806] 3. 45728 2916] 3. 46479 3. 47217 3066 3. 48657 
7 7431] 7] 194 | 232 9581] 2 671 
Tl FIST 9 509 2 97 [686 
7731 9| 523 261 986( % 700 
0 7917881] 20 20 14 
3. 45040 [2871] 3. 48803921 [3071] 3. 7 
'':+Q$0 2 818 n 742 
071 30 ap | 
08600 4 14 
102 EE 4” BY 
0 J. 


mich La ai AS 


b 
1480 
189 

0 
3451942881 
209 2 
22501 3 
24001 Ä4 
— | HET. 
2830} 3. 4527102886 
7 28666 7 
8 zo] 8. 
9 © 3171} <9] 
4 - 3387 -90 
2841] J. 45347 2891 
2 : 362| "4 
TT {8703 
4 1 44 
28463. 45423 289 
7 1390 7 
e 
ee 
* 00 


(81 


Dif <- 
— 
wok: -:.: 
Oil > ww 


OW ow 


1 
1 OW cw 


« 


— 
— 
2 


22 

— ER 

OO Ow Mifjuwm bw pv 
| 


* 


3254 3» $4292 

24 21 

. 
oY [p*4Y! 
Pp" DIR 
3256] 3. $126 
7 282 
8 295 
308 
9 


W 3: $1335 


= — FABLE a COMMON LOGARITHMS, Nen Ty 10 wee. 


5 


380 


375 
3880 


113316] 


9 


- — 0 


2 


2s 


E 
— 
N 
D 


: | 
4d jd . 
nw NN ww OD cow 


GI 
— 
— 
ta 
22289 80 ow 


OW ow a 


4a 
N 
VI 


WY 


| 


N 
— 


GI 
> 


| 


<0 "> =» 
Ml 


— 


NTT IS 
ET 


>. V2 


=_ 


LY 
1 _ _—_ 
1 D y "ok n * 
9 


I»; 


CERT} 


: 5557 30 4458 94 * Ir; Ee” | 


. 


550 Tr ET : 


» v3 
an e's = 
g 


Ga 
wa. 


77 3- 51995 


+» w 2 


PD 


2 ; 


10 oO ow 
O'O OW 


* 
F 
— 


In T © 


DE 


f 
N 


O © ow 


. 
, 
* 222 — 5 p * — RIS © 
— 
4 * r 7 
8 
. 
* 


— 
Min > w S8 


2 


4 1 
e 
4+ wy ba . 


— — — — 


A. TABLE N 8 
g 1 N. 9 8. 


TN 8 Th 


4 _ '*04 


N. | 85 N. 4 z 1. 
$494þ 3-: $3401 
2 |: 373Þ-: 


hu 


rn — 
842 


s 


4 


| , 2 | = | — 
335 y F Neis. 551591130 
de | 10 | 


4 = —_— ' \ 
N LEO TT TRI TO YLTIOS Er 4 


vs 
* 
— 
ky 
ded 
wy 
By 


S 7 I tf 
\O OI © 


: 


ww 

0 

4 
— 


* 


669711397 * 52 


Fa * a 
14 8 1 
= l \ 0 = l \ = 


+ vs. 


466 | * | 
Ti e 


1 

E 8 159] 
il 317 83 
* 3˙0 7575 3481 77 ee 


1950 3] 
2050 - 5h 
2200 


125 
2451] 


3 $ | 

| 4H {BIT 4 
5 
6 


we. 
ON 
92 
S 


S Ow 


* 3 1 


845 


— 
S 
8 
— 


+> w » 


* 
wn 
fol 


A s 
8 | 
0 


75. 3. 
77 
8 


3 
K 
\O 


wr Þ w » 


| 


we; 
S 


* _ 


TEE) n 
m4 
1 


» 7 2 . 


"I, | 


— —— — — — 
— 


be e 2 


——— et — 


* 


br ern . 


. 


„ 


1 


2 0 
| ＋ 1 Ek 


PP 


[ail out 
8 129. 
2140 31 
151 
5 


© * > — —— — —— 
1 0 * 0 : 
, * : » * * 
4 
. 
_ — — 


2 
- 


.:19 


| 


10 | 4 THLELS 5 8 12 f 1. 
D | 4 | 
81103. 72 85103. 5867 95 "Tn 
'$7 * | | 11 2 & 


2 
ib 
a 


2 * 2 my 
L 4 0 1 * 
. 
- k 7 


7. $8161 
41720. 
7184 

6 195 

206“ 

——— — — 
3. 582180387 

2290 
240 

41. 
263 


3.585 
7] 2286 
297 


309 428 
320 422 


5 3:5 2 © gobl- + * 545 


oy 
2 
9 
D 


3 
GOSI9-. 
** 


5 


4.7 
[OO & 


"a 
* 


—— 
999428055 
417 


0 $a: | 
mo — | 


1 * 
A8 


9 
5 


4 
ee 
* 5 ( 
- * 

| 


4 2 PRE — 


3 at 


a . ETA hy 1 Kew n — x [ 
a 4 4 ' 


Va — 


ae Ba 2 2 


Y 9 IDLE — 7 — 


\ 7 Sk 


EL 8 a 


_ CO 


: . 
— — AS: ad. 


* 


4 


__ =y * 
. 1 „ - 
=, TY 
28 f 
3 * @ 


* 


_ 


** 
„ 3: G 


„ i* 5 
2 9 


1 


wu +> ws * 


* * 
2 . * 
4 LORD 
* 


* 
88 


1 


.O \O 


3. 61500 


. 
1 89 * 
- k ; C03 
ys 3 


521 
8 


43 


42 


— 
0 
2 
— 
1 
8 


.>3 
* 8 
E $6. 4644 4 
208 


1 * 5 * a2 . B . 
= Emma Sf 


K. 


— N 


637 
648 


690 
700 


kv 


721 


8. 8785 41 
| 859. 
679 


73 
742 


* 


OO 


2 
So 


2 


3+ 01533 417 
374] 
58 4] 
— 595] 
313. 616060 
a 616 | 
627 


A "TASLE COMMON TT 710 * To. — 


eee e OE, 7, OS 


Re Be 


+ % * po 
a RS 
22 

. 


9 


N 2 
3 * 1 EI — * 


rr Saar 


———S 


> 2 mm = 


anne eme oO, SITE emen 


” 
2 ey 


I A . 2 2 


= Fant or coMMoN LOGARITHMNS, FROM 7 1 20 [= Ik 


- Far 6 3 rr 


* 
18 
8 
»4 
4 
= = , 
4 1 
, 
1 7 
1 4 


326 


| 

5 

ww [uw 
ww OW cw 


DL 


4- N. * L. 
4501 5-0 f 


4 
[ 


1 
EM 


118 


[4376 3. 64108 14 


- 
22 
ND. — 


WW, * 
2 


* RY 


* 
5 


A 
— 


4 + vw" 1. 


= 1 


881 


304 
— 


| E 


459! bg 
33 


of 
3 
— 2 


DO 


:-{ DR 
Io. | 


= 
y* AE 8 


8e ww 


7731}. 
7830 
79211. 


525% AT 3: 66801 


3811 
S820. 
8290 


* — 


5 


— 
a. 6-2 thc edt 0 ne 28 tes Se 
" go= 


Poo 


| 


wn 4vwwiahRh wi] 


—_ 4 


+ 
2 
O 


222 


| 


— > 
— 
I 


_ 
_Y 
— 


lp 


"-2 
7 O08 rl > wa bs 


> 


8 
= | O © cw 


7 
"RR. 


2 
co 
32228 


ww 


| 
o& 
Ce 4 


2 ith 


W- 
le 


* 


FT —_ 
— 
— 


— 2 
— 
1. Bo I 


6 + w ww 


1 ö — 


. 
LAS 


oþÞ 4 

I 
* 
W 


0 1 0 


Bo 00 
i *| 


3. 88e 4 
097 
106 
11510 
12 


— 
oc 
2 


8 
— 


E 
— 


tho 
7 * 
0 
$ 
- * —_— 


* 
UW N 


8 


gz 4 
2 
Q 


© ow ls 


100 


E N 


- 
* 


2 


. ITS, 2 2 \ 
ond SARS. ods ot nos i 6 8 \ X , + wag of l 
ES 5 n 3 DES" 8 n - IP ä 
r 4 1 2 a n "as 1 , x 1 
. A r | 8 C FE? LAS, " _ 
Wy - x; O EVIL” — a 8 ro Py. 
r 
| hs | 
l . a 3 
= - l l _ WY 
- I -e © a 4 c r ai: oa @libr.od@a.a cnt edt w —wwwoww@w 1 


— rern lat. * — * 
wer Mn I 20 YES PI” »* " —— — 


L CC ORBIT. AE, ey - - Up PBS IT DO PAs 


IE of COMMON LO GARITHMS, 1 TRowW 1s ET — 


Hz | 


wed ww 


-. 


+ 
*: WO 
aw may 


: 
+ 
| 


S 


4 
y 


n 
* 


© | 
Wn - 


2 


8 
Se 28 


7 


wa WA 
ON ob Go. oo : 


5 8 


* „„ 1 4 a 
* 


8 


. 
CRT 23 * 
L. 


— — — EE IESroeEI 


5101 3. 7076 


* 


5157 5 7 189 


| 


1 
2 2] 70001 
3 3] 10 
-£ 4 018 
PR = 027 
E 5019/3. Pers 
' 17 | 944 | 
8 | 0 05300 8 | 
1 9 o62]] 9 919 
EA .- 0200 28 222 
4921 5021] 35 70079005071 | 3+ 79935] 
3 2 i o88]] 2 944 
3 3 3 og 3 952] 
54 4 4 105} 4 , 961 
8 1 os . 2 
1920 497603 5020] 3. 70122|[5076] 3. 70552 3. 70978 
7 42 2 131 7 561 986 
2s © 8 8 140} 8 569 9s 
9 9 9 148] 9 5780 1003 
| 80 30 —2 — 288629 012 
4931 4981] 5031] 3. 70165||5081] 3. 70595 3. 71020 
ES 2| 2 17 2 603 02911 
31 4 < 191 4 621 046 
2 N 529. 054 
4936]. 5036] 3. 7020906086 3. 70638 71063 
8 7 217 64 O71 
8 8 226 8 Gel] : 079 
9 3 234 | 6634 o88 
40 40 243 672 006 III 
4991 50410 3. 70252 3. 70680 3. 71105 * 7.0585 
1 2 260 689 113 333 
3 3 269 | 697 122 542 
* al 278 706 130 „ 
o LS 286 714] 139 __—= 
4946] 3 5046} 3. 70295 3. 70723 3. 71147 7. 71g67 
2 71 303 99231 155 375 
8 3212 740 1640 3584 
9 932210 749 172 | $991] 
50 .50 329 257) 181 e 


— 


ns — 


8 . 


C7 . 


— 


5 N. L. ' 
9 5 % : 4 — „ 
N 1 — > F 


85 


T TABLE « of . —— 8 8 yroM 7 10 16,000... 
— 


3351 3. 72265 540103. 73247 
ras... ih 8 * 2 


— a - A * 
I. 1 
2 

1 1 
— * Ls 

1 —— 1 8 

451 15.7755 

; ö 

1 - 6564] 

5 


4 
— * 


o 
—— 


. 71941] 


3. 71983 77963 3. 72395 5340 


991 7 +4 A 
999 8 oo 
2008]} 9 ' 419]} 

016] [5300] _ 425} | 


3 4 6 
8K. 860 a} - 684 | 
125 86 2 

— 55 3. TE 54060 3. 73288] 15459] 3+ 6 | 

Zo 7165 1. 8920 2 5 95 
4 622 5k 900 *. 3 
07 | 908 71¹ 
| 2B wl 3 | . 
— als 361], 785 511 3. EEE 5461 3». 73727 
= 565 3. 7 "3 5 255 222 
| 1 11536 —= 3.73368 7750 3 75 
3: 71734 626 en 21 1,973 Nn 
7500 | AS i gol | 
$5. 2. 997 
e: 113. 
7750 $371] 3 7300 
1 | 3 022 
S000 . 
809 oy 
— $379] 37 73948 
TT 234 8052 
| | > 9 oe a 
— 8% 9278 
Z 18581281 5381] 3. 7308 
Mg > 2 094 
| boy a, WM 
- 883 on. 4 |. 
| 892 N 
5 5386] 3- 73127115 
TEE J 
= 6. 14] 
917] 13400 
93311. 22} 


* — 6 N 
wen SIS 


3: 73167 


9 


if” 


1 


e C07 1 


—__ 4 
44 * - Z l _=y 
: = 88 My —_— = 
_ =” - 
— 
* — r *, a 
— * MF VE whe, IG 9 2 2 * r = 
% * > 4 2 4 * | 
* > ef 2 * 


i 
F N — +; 24 3. 75313 1 
1 827 3 Touts mp: 1 70 
= '"oboſl. 3 228 
A | 8 236 
ct 243 1 
1 5656 Te 75251 57 
* | 
{ 551103. 7431 
2 
3 
| [2 
A 1 
5516 
13 
ö 5 
9 
20 
5521 5571 
2 210] 2 2 | 
3 21 | 3 3 5 | 
4 225] 4 44 770 
S|____233}__5 . 
3. 74241005576 726 3- 7578s 
. 7 7 1-0 
25” 8 .$] 800 
2556 9 = 808 | 
2730] 80 30 | 815] | 
3. 74280[[5581] 3 7 3. 75059]: 57313. 75823 
288 2 679 o66[] 2 © 330 
296]] 3 687]| * 3 074 3 838| 
3044 4 G6gs}} 4 882 4 846 
r „ 
3. 74320586 3. 74710/5636 3. 7509705 57360 3c 75861] 
327} 7 71806 7 105 7 868 
3390 8 72666 8 113 8 876 
34] 7233 9 120 9 884 
35 0 go 741]} 40 128 40] - _891 
3. 74359 Þ8591] 3: 74749115041 3+ 75130 7541] 3. 75899} 
367 2 757 24 143 2 906 
374% 3 7641] 3 151 3] © 914 
. 3821; 4 7221 4]. 259 4| 9210“. 
399]}:__5 780}. 5 166 1 
3» 74399] 15599] 3: 778865453. 75174 57453. 7593711579 
40611: 7 7961} 7] 182 D 
41g]: 8 33 28 189 8 952] 
4210 9 8110 9 197 9 959 
42956 8290 50 2056 50 957 


| 
| 


ON RES 
wh 


Po eas 


” 
Fs; 
” 
” aw. b 524 * 4 
— ; - * & * |» - - 
4 * «4 ” = * 4 5 
* p 2 " 
, * > x 
9 p 4 — ad — * 
* . I 
£ - * * _ 1 
- < 8 0 
7 * 
4 $ - 
N F 
2 4 


\O cow nn +» 


— 


2 © 
IO 


"4 "wx. i * 
0 
4 — I: Þ« 
> 6 N — 
1 


2 


* 

"4 

* 
2 
* 


wee | 
0 

IJ 
Ov 


\O ON 


. 
* - 
| ; 
. 
* p 
* 
„ 


ar 
+ US 
— 


5081 3. 78750 1 
2 | 405 | i q 
= 412 | 4 
44 419 
| 426 
8 ” * 

44 
4447 
455 

462 


\O Ow 


ON 


- » vid 
\©S 


eium + dw Nh O 
2 
\O 
o 


> 
„ 
82 
v 
uw 
— 


510 


2 

C 

2 
12 


L 8 1 * 
— I == © : 
I 1 "x TAB LE of COMMON LOGARIT HKS,» ROM i, — — e 
2 or FT: Tx] x7 NT LIMA DN 
* 11610 3. 78540 520103. 7924605251 6351 380284 
r, | FO Mort „ 
3 283 i T. ;.260 9113 3 I 
4]  jagorfieatg] 46744 — 1 4 | 
e HL) BUST 22) Rs 2 
67053. 78570] ige 3- 6206) 3. 7e 1935613: Bog181| 
g 7 583 5 7 2886 7 r, 325 
590 N 8 55 8 2951. 8 3 8 332 5 
Li 604 Gol __ 958|| 10 302]. 60 60 . 
G1Lj| 3. 78611] [6161] 3. 78955062110 3. 7931652610 3. 5361 3. $0353 
1 22 6180[ 2 972. 2 323 2 Fo 3 
133 6250[ 3] 979][-;3] 33 3 2 g 
5 549.220 5 
6116 3, 78047] [6166] 3. 7900062160 3. 79351 6266 6366 
e 0 7 35800 2 7 | 
8 6611] 8 01444 8 36 8 8 
T5680 9 iE A 274 2 90 | 
[| _29|___675||. 70] eg 2, 32 70 — 
: 61210 3. 78682617 i 3. 79036 6221 3. 793860[6271 211037113 
2 68g]} 2 043106 2 393 2 6 . 
3 6963 ogell 3 400 3 3 
4 704[| 4 O57]| 4 407 4 40 
5 2115 064 5 414 5 5 
6126| 3. 7871861763. 7907 1062260 3. 794211[6276 370 
HT 9781 7 4280 7 7 
„ 73+ | > B] OFF 8 4321 8 
1 . 74944 9 92 9 444]| % 
. 30 746]| 80 9990 34842 1 
61310 3. 78753061810 3. 79106|[6231] 3. 79456[[6281 
2 7600 2 Wo . 
767 120% 3] 4700 3 
4 774 4 127 4] 177 1 
| 5 7811} __5| 1341], - 5 484 
6136 3. 787896186 3. 79141006236 3. 7949162863. 
7 eee © 49N]-:-7 
8 8oz[] 8 155] 8 508[⁰ 8 
> 9 810 9 162 9 512 9 
40 817 go] 1690] 40 82 
6141] 3. 788246191 3. 791766241 3+ 7952506291 3. 79872 
2 2 831 2 1834] 2 532. 2 8 
3 8380 3 1900 3 20 3 
5 84506 4 197]] 546 4 
1 882 [ 5| 2040 5 I 
61463. 78859] [5196 3. 7921106246 3. 79560 [6296 3. 79906 
138667 Fl e 
8 873 8 2250 8 5744 8 
9 880 2320 9 581 | of 
50 88806200 2391], 501 588 [6300 9341] 59] 


by _. . 
2 1 — a — 8 
x i * . 1 — 
—_ ' — — — — 
Ki : : 


* 
87 6 4 $4202 7 a oor + n — — 22 —— 2 * 


— TABLE of COMMON LOGARITHMS, 0 7 To 10.660, 


[105 16] 3. 81398 5 


. oO Ks j 
© ow Vn pdwyry i 


| Td 3. 82060 


2 


9 
| 2760 
| : 8 | 
— n * 3 2 " - peu bY = 
— Sr ae. rd. - „ „ 1 1 ard 


S ; 


ELL 


263 
269 


7 40506 066[ 7 
80 411 673 817 
| og 418 79 9 
20]. _425||_ 20 — 70 
6521 3. 8143106571 3. 82092667 1 
9  438]] 2 | ogg] 2 
;- 445j}] - 3 105 3]: 
451 4 11216 4 
. * 122 18 
l 6576 3. 8212506676 
1471 7 132 7 
4781] 8] 138 9 
' 485}] 9 W451} 9 
 49)]} B8oj _ „ 
3. 8149865810 3· 82158 6681 
505[ 2 1 10 "2 
Si 1711 3⁵ 
518] 4 17816 4 
ee - Ta = HY 
6586] 3. 81862][6636| 3. 821915686 
7 197}, 71+ 
d 2044 8 
9 210 9 8 
90 891 1290 
591 856. 822235691 3 
. 230 2 
6-0 239] 30 
ll '=< 2434 4 
3 2500 65}. 
4555 ; 655 "T2256 6696 


- 
- 4th etna 
* 
- . 


** 


3 — 1 n "ITY _ — _ "8 l = \ _—— \ _ | _ 
. 11 * | l - = n AJ l . * : of. La l _ | 


———— T_T 
—_— - FS SY 
8 7 - ” 
—_ „ 
= = inn . 1 


2 " & 9 
"RY Lr * 


ol 4 a * : 
by Q - 13 
. % 4 % X. a | 


D 1 FILA 


* tac 6... _— 


Mw. 


n 


„ 1999+ 
— 


10 
— 


„ * 
10,000 N 
WW 4 * 
"= * * 4 * 


* —ä— Sf + — . 
+ 


1 2 
of 4 1 
, 
: ; 
[ —_ 


il 


——— 


[NJ L. IN. L. WE | 
ES = === 
1 1 | ; 
6701 3. 82614/6575 0 3. 82937116801]. 
1 6200 [ 2 9430 2 
1 2 627 [ 3] 95A} 3 
11 633]] 4 95600 4 
5 640]] 5 963] _5]_ | 
6706 3. 8264616756 3. 82909[168 3259] 
7 ; 653 975 7 ; i 2 
| 8 659 | 982 $] . g 8]. 
| o| 666]] of 28880 9 9 
10 672|| 60 995[|- 10 345f} 60] __ [| 10 
6711] 3. 826797610 3- 830010814 3- 83321} [6861 3. 83639 6911 
| 2 685 | 2 oo 24 327 : If 645 en 
| 3] 692 3 0144 3 334]] 3 651 3 
4 6980 4 o200[ 4 32 4 
5 705] 5 ZL Wn 
6716] 3. 82711057 3. 83033[[68 re] 3. 8335 36866 916 
7 718 7 O4c 7 3709 7 7 
8] 724 8 0460 8 3660 8 8 
973 og of 372}. 9 9 
20 7371 70 obo] 200 378 20 20 
57210 J. 82743116771] 3. 83055 682 1 3. 833855871 
2 e ee £2 391 2 
ee  Q%}--3 „ 
4 7634 4] 83850 4 404 4 
= . 
167260 3. 827767763. 8309782603 83417116876] 
7 7821 7 1044 7 4231 7 
|. 8 789 8 110k] 8 429 8 
|: 8 795] 9 11716 9 4360 9 
1j__30 802] 80 123]} 30 442 3 
16731] 3. 828080678 10 3. 83129683 10 3. 83448 885 
Hr 8141] 2 1301 2 455 2 
13 823 14% 3] 461} 3 
1 4 827] 4 14900 4 468]] 4 
II. A. 2 
57 36 3. 8284067 86 3. 83161068360 3. 834806886 
7 38471 7 16810 7 4871] 71 F 
8 853 8 17 8 493 8 8 
9 8601 9 186 9 4991 9 9 
40 86611 2982] 50611 gol 49] 
6741] 3- 82872116791] 3- 83193]|6841] 3- 835728910 | 
2| 38791 20 2 518 2 
3 885]} 3] 208] 3 $251] 3 
4] 8921] 4 2130] 4 5311] 4 
eee 
6746] 3- 82905||6796]| 3. 8322508646 3. 835445896 3. 
7 911 7 2321] 2 3 
91 8 238 8 5566 8 
- 9244}, 9 245] 9] +503}. 9 
930fl68O⁰ 251] gol 35969 


8 


— ” 1 * - 1 . 6 
8 hs \ 4 ; \ 8 y : * ? od - Y 8 * 
K : . p * G 
4 >, * 
4 — 
* 8 „1 . s 
y — 2 4 ” . . 
— * F4 6 Th TY * " - A * aa | . 
2 : 3 ; . : _— 1 7 - 1 2 
2 0 2 5 re 7 „ Ao be Oy „ + rr e 5 Nu 
III; 3 —— LT — ION — v 8 4 * L's * Ip e . — 6 


_— 


8 


| — #TABLE! oF COMMON Toe. TEN TT I. 8 10,990... 
. FF aer 


. . * * ot: n 2 7 2 — 


Ca 


52 e 13. 2] ee e 4 
| 3 52 7 8 NN £4; Xx 40 3} 7511. 3] © 952 
F a. 84 4 


506 3. 7454555 3. 4 1007 3- WSA. F46 406 3. 8570074501 3- © 
on 55M +8 ee "7 169. 7 1 479Þþ 7 +777 


: | 55580722 5. 5 7575 5- 1 
; 8 95 | 3 26 % 2 564 : x 2 2 86 e + © ll 
65A[;- 4] 99h. 4, 27. 4 52 1 gall - 455 


5 0 OO 
wi 


= 
5 Oni > w 9 
* 


bao 


© 
| a 
+ WD - 


Vz 
ao 
* 
1 
£ 


739k. -7| 04 


00 
— 
+> 
— 
Oo 
Wa 
ww ww 
GUI 
wa 
. 1 2 A 
. 2 — 


r 
IN 
Ro 
— 


* 12 —— 
p a , s * 
9 7 : 0 
. 8 % 
9 * of 
% 
| + w NN 
: 


1 
1 
* 


8 
+ 
ON 
2 
- 
+ 
4 
I 
* 


770 i J. Bt 
8071} 8] {night 8] {41 721 
3 | 2 0 2 0 42816 [ 2727 | * 5 


Ry 
"wo, 


> © 00 

ber 
09 

+ 

15 

0 

* 

40 
39 

128 
d. ON 


= 3. 84516 5 1. 550 7101 5: 85432 2 3. $5437 770i 3. 125 251 3. 86040 


* IT 150 27 5 +* 245 ö 4 25 - 0 | 10 058 


2 
* 


— —— —— — 2 OY 4a 


7 
* 


Fg 


42 


0 
. . » 
* * © 
: * - C 1 
ö . « +>. * Ps N 
* „ oy * 2 * 6 * 3 * 
| l # * . 1 _ 1 4 £ 1 65 8 N ws. 6 1 aide Od 7 "4 
5 q : „ « * * "WS. 1 8 " vous 1 2 4 . 5 * bo q . — * « \ 
2 1 F 8 6 : 12 . 4 . N 4 x es. p q e * r 
, 1 : \ 5 8 . K ; . "ey een 8 e 8 W A El ye we” RN a + ati WC op n se 23 * 
8 -M sf. 2 ated . n, r „ s 5 bs 4 e - 4 Wenn WE. EO cer * . , "4 * 
h P „ 8 — — * — — 2 — — 
EEC ͤ TP . — 
* = by - * = * if _ hs 1 - — 
| d - \ l | 5 * 24 . x p. 
0 1 * - = oy = 1 


3 
— th. 


6— 4 _ 7. =P a - 


„ 
. 


— — — — 
8 = 4 — « . 2 C =_ E = r Fo 
OS ci, » MAGECA io. es iS Far. 
"SS 0 = nf 5 —_—— 


DRL. __ n — 448 — 
— . e = - — Fi. — . — — 
F A TR — l 
_ n , = \ _— i PR — * - + 4dr 
\ 8 — 3 — hs _— 


hs 8 * W 8 5 pw 
KEYS 2 N * 
f : Fee ET 2 * 2 a 
* 1 - Þ * ( 0 * 
* 8 Fs 
» o *s 
Y 
; * 
* * 
on 1 1 2 : 
2 5 : N ; 
3 , > * ; 
— * = as 5 
* 4 ” 7 % L 
4 — 
5 ON £ * 
= * ; * ” * 
4 | : &” ME - F 344 $2 x4 
' F7 4 b 0 5 8 * £ — 
* ” , 4 * * wy . — * 
— Lo PWR of 82 * ane IN by 
WI 9 * 
«> 


— SCA 


6 bad 


MS, i 


2 


% ” 


TY 19.000. 5% 


| 


7336 


N . ; — - | 
OOO 


. mo * 2 v 


A FECT o COMMON LOGART! 


=I I 

Woo WI : 

WG f w 1 
OO cow © 


Wn. wu NN w 


_ 
+» 
84 


*J 
2 
* 


* * - 


ww Nv 
. 0 4 
* 


if 


1 
. 
Po. 


1 2 
77 
1. 


Q Ws 2 
u 


% = Ware & na 
N. 

1 a > 
; : - 


FI Th 7788 777. 


633 


$58] 8 853 3 
9 564] 9 859 4 
— — 5 — 


— fo ak 


[7531] 3- 


4 


. . 1 


17536} 3- B 
74357536 . 


. 
w 


— 


= 
Un 
At 


* 
— ” uw” 


— „ 2363 * Cp * 


. . IS; 


: i 
$5" 5 _— pe” 
- „ 14 8 1 

"Rae 8 . 1 N 0  \=— 
4 n ä o 
* 6.4 * _— wy £5 = ” 
a #4 4 at Wl 

p 1 


X 2 
* Wn +>. + <a —_ 
Ha e ee K Da _ 
N r 1 0 3 
Wy — * e y 


| 


* * ” 
* LY: 
68 * 


% J. TS 
4 1 wes . 
- Ys abt 0 ** LT 
2 1 W N 4 
e N 


n 1m 


7501 « 88 
N 


70 735707 5 7881 3. Tours 7as 3. Hz 1 
. 9497 3 2] 1498 M25, 
e 2 3% - 
8 3 "> 877 | 1 It | $ N 8 = 
— — — — $) I 3 1 

7 OC Js 999 13.9520 1 
7 24k 326% 
| A 2M} 331. r 
2 ZEL 
” Ts £42 : * . Iz 2 

$531] 
Weed be! ER 


i * 


= 
> ERA 
2 
= 
"= 


— 
. 
O 
8 


- „* 
ey 
of 4 


* 


508 "ON 


_ 


1 
2 
o 


* wa 
3» wa 


> : OT 
” -- 


00 


PAT 
A y 


: ? 77 


_— 5 
PO os 


12 1 
781103. * 78 


— 


— 
— 
* 7 ” h 1 * I 3 * 
_— _ 8 1 ai. ? 8 
\ \ \ _ \ - _— | Sane | . :- 
_ = RE ww ROTO es > a 1 walked = 


>» w » 


2 
4 


* 
1 # 
n Y 
—_— _ 


| 
\#2 +» 3. 8 
$ 


* 


3 «is : " 
oO WY 8 
— 

fas, , a Wa" 


— 
Q&A 
— 


0 | 
OO wu 


| 


— 
S 
N 


* 
= = * =_ = 


—_ 


Ys „ 


— 


= 

n= 4 
IB cn 
80 80 


— 
= 


1 
G Þ 


* : 


£ 
G3 


„* 4 2 


2 


P 
— 


Ga © 
232 


* 8 0 ” 
- 
— 
» na” 
7 „ = 
* 4 N 
N 
3 A. A ” 
a ” 
-2 L 
= * 
1 


T 
E * 


% 


— 
I 
oo 


©Q vi 
* 
＋ 
5 00 8 


* 
* 


0 
el) 
OO 
© 4 
2 


\O 
22 
Oo 
OY 
= a S 3 
388 
Un 
oo 
— 
— 
2 


Bo w 
—— 


> 
od 
+> 
— 
* 
0 
WW 
— 
Wn 
8» 
|» +3 
+ 
=_ 


* > "Lag 
s * ; me 


d 
— 
We) 

* 


=] 
JW 
«E| 

re” 
- 
00 
Q 
2 

I 

4 

22 


Wa 
to 
> ww "-- 
a 
© 


1 . 
LY 


* Ga 
ww. 
"A 


# 


00 

\O 
I 
> 
oy 


i 


[De 


> > 9" 
© 
8 
2 


— 


=D 
388 
f 


„* 


ä 2 

s 

f — — 
& 


lese 
2 


n a * 


2 


=> = 
— _z \ 
; * y > a b 
KA {, — COON 
8 8 8 * * 31 = 

* = w_- 

= BD 

p 


© * 
1 
* 1 
n 


— 


* 


1 2 — 
ess mw 
03 $ . 


2 


8 


. 


RK 


>} 
zone 
OW WI & 
2 


w | 
* 


re” T 


s. 


89823] [7 


5985 79 


8560 5 


2288 
Lg 
ON 
tv 
2 


> 
\S 


8 2. 
w lO 


Ur > wv 
© 
OS 
+> 


2 
wh 
S 
84 
——— 
2 
A 


3 8 


32 i 


2 9509780 


f 1021 


108 
113 
11 


= "ne 


n Nr 


L. 


325 


Trae oy. — 


2 
= — 
8 
A 
2 


O ow K 


2 
— 


Ne 


115 5553 


536 
5342 
547 
ee SL 


A 


| 


{ 


1 » 


mn 


N. 


* 
L. | 
* 
— 


9 


oi 


Ye 


—— ws 


* 


. , 


CL YT ITY 


3˙ 85779 505 3: 99585 ol 3. 99354 pg 


— * 


Res 
030 


3: FIT TE 7 7 


5 B22 
706145 


832 7 


ND LE 


38] 8 


„ wt 


3: 91994] | 


Is 
110 
452 


$161 T0 


'2 155 


4 


* 


e 3. 


— 


3 
42 


3 
8 
* 
N 5 4 
27 
* 


N ” 0 a 
1 1 
. * * 2 be 
; 1 J 4 
8 . $4 
= 
2 . 3 


„ 


- * 
— — are —— — 
— . R 
* 4 


7 


1. 
— 
— 
8: 
q . 
1% 
g 
1 


13. 7389 
cf 392 
© 397 


"2 


251 3. 525 
wy. | Noe 
ess 


q 


66 


* — 
Lo 49 | 
1 — . 


. 
„ „ 


F *” VWF - 
* 
Mm þÞ 6 0» =. 


> g167 
? 7265 532 
687 
693 
698 


— 
8 


1 
# 


O @w 


| 
e e 
2719 


1 
758 
2 


224 


I. 91730 


$421 T 75556 


ir 3. 7725 
IF 
525 
SN 


— 


. 
> : 
— 


0 
* fab n 
WE, 
+ BY 


ä 
— 


— v3 


—_— 


1 
I 


} 
. 


* 
« FF 
180 
9 
7 


* 


2 


| 1 


3 2 
wwe. 


2 


- 


Þ VI 


3B Ip 3: 9704s: 
| 850] 


— — 


, N , , 
- « þ 
2. » 1 


- 
* _ 


_— 


= = - = ARS W 
r 8 


r 


Ty 


9 
* 
= 


% 
— * = . * = As - = Z 


* Wy hs. 8 he. 


(= 


* HY we” eee 


G } * 1 
1 m bs Th 


_ DO TE 
— 


— „ 
| Pq 


—_ yr 1 * 
5 — - — = ——Y rs EC ; l = =: 4 
f 1 £ : 
2 N * = * 1 * * = _ 8 * E R * * A _ 7 "> £4. Aa, \ * DN da 
P . r Ama ac mn '"[FOoaaAA Fm} ECFFFC ICS 1 22 ang 
SW on : - — = —— —_——_ 
” 4 4 * 7 ww * [7 ” 7 * " — 5 a " and £ * — A o = = 9 
12 * — EY CY a 2 f FT - is lh * _ * 4 = 1 * y 5 .; _ n * r 4 Ie _ at Do K 4 4 0 
4 = « ** — n * 9 x * 4 he , Z * 7 * MEL "VI rn * 9 A , 
Y y FS © J A 4 FEW IT * 7 A * * e 5 ce 2. * * - 
,- oo - : 74 T na AER. Le ES 1 5 r Bu . WI : 
” * :; ed v 19 7 3 g . . md e 1 : ** N JEN - * 
- - : — * ” * — ? . # * 1 c 
* 22 4 þ Y 3 WP, 
: ; a , . r 
it ” . - r 
> A " * . W 
* * 4 7 1 
0 1 _ - pa "= 9 
5 J ' 4 
. . A 1 2 
. « 7 - wa = 
5 * 1 f EG * 
— . A Y 
4 : 27 
A 
— * A _ offi 
" . "4-0 
4 . - IR 
2 oo a4 
% : wo”. 
* * 34 
8 1 
P % = » = 
* py { n 
> . = 4 
"7 * 
” =» ; eo % 1 3 A * 4 
— — „ 1 * * — ” 4 
. — * * — — » 2 ” ng 
* - ” - * * Fs 
| — 4 — 4 * y 
_ = *. 
— * 
” * 


* 5 9 A 
K . IN 


ARG, 


<6 AK -- », 0"; 4 
S * 
by * * 
8 
1 


$S 


2 2 
a 7 


= 


* 
1 


221 00 
- ww. 
2 


FE "_ 
O \O oa 


N 


5 3 N 
3. 9320 
* 9 3. 


20 
212 
i 217 
222 


1 
— 
x £ 


E 


3. 92973 
8 


O 30 32 


| 3: 93227] 


BIS 
* 237 
242 

241 


33 


8 
? 


A. 


N 5 
* ” 
#4 fy 
7 


0 = 
$4 2 # lt 
Ft * 
On 


* 


„ at 
þ 


wn 


00 
wy 
K 


28 


9 N 
1 4 1 1 "ns F 
— 


oo 
wi 
— 

= 


8 


4 


O \O OW 


3.0 'r þÞ 3 tv 


13. 93354 . 
35900 
364 . 
3504 


374 


.. 


- 384; 


389 


394 
399 


2 577) | 
"21 258 


ee 


— 
7 © * * ” 
mo k „ 

* * bs 
IVA N 


[ ns - 
„ : 4 
„ 44 os 


L- 


% =y J 
* 
8 3. 
A 8 
* 
PA * 
; * 


17 


8 * 
WY 2 * „ 


1 


= 

— pl 
8 £ : 
wk 


wy. 


*») 
— 


* Po F 
- „ 4 + 8 


. 


1 
2 
. 


8 oO 


my 


Se 


wW 22228 


3 


8 


0822 


3. on | 
536 


has; 


— 
-  s * 

0 2 
— — 


on 


Iss 


OO 008. 


515% 
812 


4 


*% 
nbd WW -! 
' 


» * 
3 
PT. { 7 * 
92 # 


a <4 wad, 
aa 
— 


00 
2 
a 


> 
2 
11 - = 
1 ” * 7 1 , * o 
= 6 „ 
5 ; 4 e 4 
* 1 - 1 * 6 1 3 . 
: wt s " 
\ 0J-- | 
CY ut k 4 Py % 
> MY 7 
1 4 
f ww 
. 4 . 4 
o 
$a . _ 
| * ” 4 ml "EW . 6 7 eee e * 
4 1 -- bo —— —— 
"1 „ : ls. " * 84 * 
* | F- ＋ v b * "> £ « © 7 
* * — * d 8 233 be 


* 


UW 
O 


N 


2 


00 
ON 
8 


O0 
2 


7 


8 222 


. — n 


= 


3 * „ . — 5 ; 
£44 7.4 CFE Fr p36 420 4 D 
rr 
0 U I c ' 
1 


- 164 


* 


3. 93176 

1 
186 
192 


3. 93151] 
156 
1660 8 
1721]. 


3+ 93404 


409 
414 


420 
425 


29 


* 93130 
435 
440 
3 445 


* 


7 577 
P 186 
45; 191 

196 


is 


S 


n 
+> wv 


2001j--. 
. 2 — 
* * * — 
1 ol Wo. why 
1 * 3 L * 
5 1 : 


8600 


50 


—— — — - * 


00 1 
© * 
O 3002 2 


8 i 
— 
— 


_ 4 


3˙ 1 88651 
507 


512 
317 


$22 | 


hs 


co 
00 
oO 


<a 


O 
O 
N 


— 


N 
OO oa 


7 N 
$32] 
3537 
54 
547] 
$2] 


557 


- & As 
208 3 1 5 ; 
> ww» w wiIiOWd cw 
5 


75 255 
807 
817 


434 


' 444] 


. | Y 
_ 47 + 


"x 8 


855 


51 
2 
3 
4 
— 


8121 


0 By 


OO 


— 


3 


” 8 

TI. 
OO Ow Gin + ww » = 
7 : wo 

281. 

> 

ow. 

WV 

On 


N 
O 0 2 


_” 


—"= 


VI 8 


wn > 


T "94925 | 


827 


bg”? 


O.\O Ow 


*. — 


| Se © 95477] 
Eon 4820 
487 


492 
— 


5 501 
55 6 


3 
511 


5160 
5210 


722 


3. 95525 
53A] 
535 


349 


5481] 


"3+ 95550 
$541]. 
359 
5659 


e 
. © 
VI 


3. 955741} 


| 578 


a. * 


583 | 4 


5880 


23 


O 
Ws 

\O Ow 2e > Ww NN w 
* 


E 


"> 12 
\O OW Seed 


WG 
2 
4 


NH oþ WW WW w= 
3 5 


3. 88892 


— 


02 


— . 
q 


4G of N 
* e „ 9 
* 
” 


4 - 
oth oh r 
* 7 


7 
N 
4 


: — 


» 2 4 * 
n 4 8 
* 8 


250 Y 
3 £ 
"1 A 
ll 4 
Bos. = 
—— \ 
1 
0 47 i I 
1 
g 29 1 | 9 
4x5 F l oY 
7 by 4 4 " 
1 == 
8 = y 
4, ba q l j 
a 
= 
N 4 * i \ 
2 ** 
* "RB | 
= 
== k 
J = 
2 1 
Y F 


5 
YN 1 n 4A 
N 2 = 
N Waage = N 


= "a * —— = n 
a all — 1 = ——— — 
W 


by 
OTST CE TT Une CO TE OT 


I > Fas 
—  — 


„ 
1 
j 
1 
1 
l 
i. 
-" 
4 
q 
1 


Wo. PO =_— 
* 0 . i « 3 * 25 8 ; Q 
U . 4 2 Pat 4 a ö 
Y : ** - N 8 * * * 
"+" kt > 5 0 - - 6 7 
* « 
7 5 * 
: 9 4 
Ks p ” 
# ; 5 
— 
# x 4 . 
1. o 
| N © X * 
* . 
t 
m—_ 1 E 1 


"A TABLE "COMMON Look 4 From 7 70 7 


4 "** 2-1 


13 i 
4 0 
910603. 9593; 9150] 3- 96r71 
52 9387 7 175 
/-8 942] 8 180 
of , 9471] 9] > 2855 
[j 40 95 20 60 22 
911103. 95957/1613. 96194 
5 god... 2. 199] 
3 966[ 3] 204 
4 97 209 
13 266 
91163. 989809166 3. 96218 
I 2 n 
ö 8 990 8 227 
Wu 995 9 232 
ee 
9121] 3: 9600 9171 3. 962420 
. 2 246 
3 0144 3 251 
4 0190 4 256 
| 8 02314 5 261 | 5 
91263. 960281763. 9626522 9326 7 55970 93 
7 033 = # Lv ; | 7 9744 
„„ b +214 
9 0421 9 280 9], 515 & 750 9 | 934 i 2160 
30. 942]. 80. 284/|_ 30 2922880 220 
913103. 90521813. 9628992313. 9652592813. 967599333. 96993119381] 3: 777 
2 o 2| 2941] P 530% T2754 2 9971] 2 230 
33 06100 3] 298 3 5344 . 3] 769 [ 3 7002 Wi 
4 06660 4 303 J 4| 53% 4 774 4 oO, 239 
OY or -$ 2 ieee 
9136] 3- 9607601863. 963132363. 9654892863. 967831 19336[-3. 970163863. 97248] 
7 odo {ES & Z 021 7 253 
8 o85 2] - 322 8 558 8 792 8 o025[ 8 257 
9 9’ 9 1 5630 9 7971], [ 630% 9 _. 2621}, 
40 og5]] go 332]] 40 567]|_g0|_____ $02] 40 zd goſ 2527 
9141] 3+ 960991913. 9633024103. 9657292913. 96806[193411-3. 970393913. 97271 
" 792, | 341 - $72[f . £ " Sixt” - 2} ©: 0448] 1} © 9% 
3 ot 13091] 3] $91 3 816 3] : ogg: 3j. -, 388 
4 1144 4 350 4 586f] I 8200 4 e 
e LI SL 
91400 3. 96123091963. 963600246 3. 965950296 3 965 zo 463. 97063 196. 972940 
», 8 365 71 6000 7 8340 7 067 7 299 
8 369 8 605 8 839 8 0721 8 304 
9 374 | 609 3 B844]] ol. _onfil > * 308 
80 222. 614|'9300) 848] cel os 


N12 


9 


1 
> + L 3 
0 | 


[ 


— 
OO wv 


hes 


— 


FE f 
— 


Oo 
ww 
S 


- Gy. þ 
4 
wo 


E Mw 


K 


\Q | 
Q 
* 


8 


8 


5 S| 
O\ | 
— 
Onion þ VI 


| OO GW 


OO 8 OO 


bs 


. 


£7 
4 p 

/ 

| r 


2 
on 

un 
e 


1 A? oY = j 2 


P 
— > tw Lad \ 


4 


* 
7 
7 


S2 0 


= - 
' i. a, A Ak... ai a 


_—_— — 
—_ 


— 


8 9 


— 


| 


——— 2 
0 
2 


A0 © 


on 


— 


N * n kk Gao. 1 a 


5 
2 FTE . _ 


uh 


TE OT 
/ 


* 
Pad. 


E 


We; 


3- 97502] c 


500 
511 
516 
20 


7 97525 


5291. 


534 


539 


4 . 
7 IT II ct * 
* 
—— — — 


= aths 


by 


543t 


IU > wn. 


\S 

D 

OC 

OD Ow 
» 


Wn > ww wo 


os. 


$7 
= l = 


0 F \ o 
- | =_ 18 = 
dC ³ a. at a> cx _—_— 3 


_ 
> 


6-8: ” a” 
: 7 IX +> * A 
by * . 
ms 45 4 a EE rs „„ 
1 * 2 ” - 0 * * 
** . * 
- p- SE 


— 7" "OE 
* 


ads. 


** 


» 


\S 
_ 


— 


= 


Y 
| 2 
- * wy { ww a 
[s, sos Ow 


”_ 
W 
QO! 


8 


J 


3. 98704 


709 


= 
— 
SD 


1 \S 
= 
IJ |} ! 
wh wo N - | 5 © cow © 


\S 00 


os) 
— 
oo 


rl 


2 0 


oO 
— 
2 
wy cow Ain > ww 0M w 


| 
a 
. 


+ -—y 
: - 
4 


. 


| 


loo cw 0 


2 


6 GW 


Uno w Nw 


3. 99193 
198 


* ICY 


Ws 
« — *& 
£ 
3 


7 


9926] 3. 99677 
| 682 


3. 99721 
„ 


wv PEE} d 
4x4 0 s * "WF OE OE OO TIN * 3 n een 
ij N * * * 4 4 = Ja * . R W Eb, 56s ES. hs gb ch e J TE 
wee k * * — : wy OT ys. SE wh e ' 2 
& SY . EE 4 4 i A'S 5 3 FN ky ? n 5 1 OY WT A „ © : . n K 
8 | „ 4 F * 5 3 * * 4 7 BY 4 Yau 
* n v4 : ö 9 8 e 7 
l E A a __ * * * Woh nk OE". 
: N reer | by, OY 
_ . yo » - £ ** y 1 — 1 | 
- - * — I) S — 1 * 
* * 1 
4 A. © eV . * A . * by * N 
. * — ; 1 F * ts 5 * 
. | | AP 3 — — — 
5 s - — Yn "EY N — — To * — — 4 
1 3 £ 2 1 = — D * 1 A — —— — — . _ — 
— — N . . 8 „ * — 3 eee ee * 4 5 
— 3 * , * n NW + . R j M - na a C8 "I PL a 2 g CE on * 
1 - | N | 8 I 
I" | BL E of COMMON. LO GAL T.H MS, ron , 10 20,900 
4 0 : * . * $ ; * 318 . * : $ : A : 
F : L 1 — ' * 5 7 N I "+ 1 * Fe $ 1 : 4258 £ 1 . OO 1 : #5, 4 L * N 
ö 5 * . W — 5 12 A _ : 
86 22 2 . > «ib reed — K Sx HEE + 4 1 ” j 
: — . — l g * * . oy ö 1 a4 * a „ 9 1 03 n 5 
4 14 + 9 : 
4 pe 4 . = * + 8 ü 
— — — 
L : 4% 45 — Fo. N - 
— — 5 ; __ * 
— — ; , 


2 


8.8 2 


2 
© 
\O 


LL 


— 
* F 

* bg ” 

” 


44> 


— ——— — > 
or” - — — - ̃— 
* 


— 


— ̃ ͤ . 
— - — 


8 RE 


— 


, 


LE EE EET TO IT EE == 
_— — — * 
; _ —_ — op. <5 >. 
_——— —— — — — ; 
, — — 2 


7— = 

4, ” ; 

ese — N 
— 


Tr53,- © 
—_—— 


— 


Fig 4. A 


a 3 OY: 
4 9 * 
"a 2 
, 3 
2 W * 
5 Abu 
N * 


— — — „„ „„ „ — . ]§«ꝗꝙ⁵]⏑—¹ ß. —¹0] ! — — — egg —— ́ — 


Way 


* 

' * 
— 
— 


4 * 
om 2222 — PL 
9 


PERL 


READY OBSERVATOR; 


o Ai Ne 
9 DESCRIPTION and DEMONSTRATION 


OF. THE 


PRINCIPLES of HADLEY's QUADRANT, 
With its Application to the taking a correct Altitude at SE A. 


p AL C K, M. D. 
Wuftrated with a Copper-plate. 


. 


Hiſtory of the Inſtrument. 


HE Invention of this moſt noble Inſtrument is aſcribed to John Hadley, 
Eſq; a Gentleman of known Abilities in the Sciences, particularly in 
Optics; who firſt laid the Inſtrument, together with a Deſcription thereof, 


before the Royal Society, in May . 1731, as appears in the Philoſophical 


Tranſactions, N®, 420, 
But in the Year 1742, after the Death of Dr. Halley, there was ga! 


F< 


amongſt his Papers, a Drawing of a Sea Octant, for taking the Sun's Altitude 


at Sea by Reflection, together with a Deſcription thereof in the Hand-writing 
of the great Sir Iſaac Newton, as appears in the Philoſophical Tranſactions, 


No. 465. Whence it ſhould ſeem, that each of theſe two Gentlemen might lay 


equal Claim to the Invention of that Inſtrument. Be this as it may, Mr. Hadley 
only made it public, wherefore the Quadrant has ever born his Name, in 
Honour of him as the. original Inventor. 


Mr. Hadley took great Pains to bring his Quadrant into general Uſe ; many 
Obſervations were taken on Board the Chatham Yacht and other Ships in the 
Navy; ; and its ſuperior Excellencies over every other Inſtrument for that Uſe, 
were reſtalied wh Gentlemen of unqueltionable Abilities i in the maritime 3 
. 1 
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r all this, the en 10 LY file A 10 91 2 | 


Seamen would not be prevailed. on to:lay aſide, their old 'aceuſtomed- Inſtru- q 
ments, and on evidently ſuperior, not only with Reſpe&'to the Conve- 


niency of the 


erver, but in the Correctneſs of the Altitude-taken, This 


is one Proof, amongſt many, of the Force of Cuſtom and Prejudice, and the 
Difficulties of bringing a new Invention * Vie, baten tho RYE | 
are cpaſpicuous at firlt. View. | | F.\ 


* 4 * 


wet 


28 


A . 


At length, however, it's Merit got the ha of Prejudice ; aa | Seamen 
are now ſo well convinced of its ſuperior Excellencies, that it is univerſally 


doubted, . whether Poſterity will ever Nause another ſuperior i in Utility, 


„ 
4 


wa L 


As the Uſe of Hadley's Quadrant now is become almoſt vniverſhl, many 


Attempts have been made by the ingenious to improve it, either with artificial © 


Horizons, or by various new Methods of adjuſting itz few however have 
anſwered the Expectation in Practice. Many are alſo the Deſcriptions of that 
Inſtrument, inſomuch that my giving one here, might ſeem wholly unneceſſary ; 


but having not found any, even the moſt ingenious that has given me ſufficient 


Satisfaction in explaining its Principles, particularly thoſe on which a correct 
Altitude depends, I am therefore induced to offer the following Deſcription ; 
and to endeavour to make it ſo plain, as to render it eaſily underſtood by the 
practical Seaman ; with an Intent to render the ready | Obſervator the more 


complete. | — 


It is not uncommon for different Obſervers to vary in their Altitudes taken 


at the ſame Time, and in the ſame Ship; and ſome ſhall complain' of their 


Quadrant being either ncrtherly or ſoutherly, (as it is termed ) or it ſhall 7 


ſeem ſome how erroneous, although perhaps the Inſtrument is the beſt 


that can be procured; whence ſome are induced to take peculiar Methods of 


accurate Quadrant fallacious. 


adjuſting the Inſtrument, which often makes it worſe, and renders the moſt 
To remedy. this Evil, it is neceſſary. to under- ; 
ſtand the Quadrant in all its Parts; and it wilt clearly appear, that there is 
but one Way of adjuſting i it, namely, by the Marine or viſible Horizon, and 
that immediately before the Altitude is taken; and every other Method 
however curious in Theory, muſt nevertheleſs be more or leſs erroneous, When 


reduced to Practice. 


- 


Hadley” $ Quadrant has two Qualities, which a every {oh 1 is well 
convinced of, but very few indeed can account for. The firſt, the farther diſtant 


the Horizen is, the more accurate is the adjuſting. 


The fecond, thar-the In- ä 


23: 
- 


try being med 19 9d "Th 905 ann I + rough Sea il ir ll 8 


moves — Theſe Qualitice, with all the" wt T mal e to 
account for; and as a plain Quadrant with only the Apperatus for à fore Ob- 
ſervation, is in my Opinion the moſt uſeful in Practice at Sea, I ſhall confine 
myſelf Tae, to that only, and treat of no eee chan taking 
a | COTS Altitude 


Deſcription of Hadley's Quadrant. -- ; 


IE Jaſtrument is in Reality but the eighth Part of a Circle; containing 

1 en Angle of 45 therefore it is fometinies called an Octant; but the 
Scale on- thd Arch, being divided into equal Parts, (anfwering in Practice 

equal tu Degtees) it is on that Account aſtener ſtiled a Quadrant, Both 
therefore may be proper, though I ſhould imagine Quadrant" is the more don 
yeniens terms as it anſwers that Purpoſe | in Practice. 


ng "The Parts are ihe following: - ee Wers LTP ; 


5 - . 
1441 349 4 on 4. I 


" A-A The wow Sides of dhe Ua. 
A a, T he Vane side, which i held neareſt the Body in the fore Obſervation: 


Ab, The Horizon side, held off ſom the en. he back Obr. N 
vation theſe Sides are held contrary. 5 247 TR x 


B, The Arch or Limb of the Guse on | which is the Sele, being 
we nene \o 1858 Le, tO ps n ee bien, 


1128. 


* "The Index of the Qupadrane, extended from the Centre over - the Archy | 
ſo as to be capable of being moved along all the Degrees on the r 


2194 


D, The Index Mirror, or great Syecotuny;: fixed on the Index at the Centre, 
and perpendicular to the Plane-of the Inſtrument, in iow Tame Direction with 
the principal Line of the Nonius. FEELS e 801 * 
5 12 | 
E; The Horizbn Glaſs, or lietle 8 for 85 fore See This f 
Glaſs muſt alſo be placed perpendicular to the Plane of the Inſtrument, and 
parallel to the great Speculum, when the Index is at the Beginning of the 
Scale : On the Accuracy of this depends the adjuſting of the Quadrant. The 
Horizon Glaſs has one half tranſparent, through which the Horizon ig ſeen, 
and the other half is ſilvered for the ne 15 the Horizon ann Sam, great 
Mirror, en the Inftrument.” > + Fas 0 1 


| n 7 eh at e . Thie 
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W un The Sight Vane, for the n Mace bn bs Ecuratel cly plies 
oppoſite the Horizon Glaſs, and at an equal Diſtance from the Centre 
Quadrant, but the Accuracy of this is ner 5 8 Ne is borer 
much r e b 1 e + e OR CIAO 


: N | 
„ 115 110 *1 


G, The two uk Claes or ee ebe ge 9 0 ny in Rn to. 
darken the Image of the Sun when it ſhines too bright. Theſe Glaſſes: ſhould 
be placed parallel to the Horizon Glaſs, . _e HONG. of this OR 


is not of very great Conſequence. Eo $66 | {E312 


2, The Nonius, or rather Vernier c on the Index: This Mae 4 Kind of 1 
intended to point out, with the greateſt Accuracy, the Degrees and Minutes 
of the Sun's Altitude on the Scale of the Arch of the Quadrant; being 
much ſuperior to the * oe conſtrued for the: fans Ie int 
tofore made uſe "Og {40 te 


144 


Mr. Pierre Vernier, a F renchman, 1 was Ke fr Contriver ar this Kind of FE: 
Diviſion as far back as 1631; after him. Petrus Nonius claimed alſo the 
Invention, and brought it more into general Practice. This Kind of Scale 
is called. therefore either Vernier or Nonius, indifferently. * SEE 


: The Contrivance i is thus :—Sce Fig. 7. 


Let A be Part of che Scale of Degrees on the Arch of the 8 each 
Degree being nl P into three n Parts, each Diviſion wad to 20 
nouns ; . . „ « 


f 


B, The Vernier or Mould, FEY to the m gy the DL 1 the 
Extent of ſeven Degrees, or 21 of the above Diviſion, but here divided into 
20 equal Parts, wherefore each of the Diviſion of the Nonius muſt exceed the 5 
- of the Scale by one Minute, for © „ oo 


Degrees on the Scale = 21 Parts or Dividens.” E 1 3 WINK? 
Ditto on the Nonius = 20 Ditto. | 0 
Now 7 Degrees = 420 Minutes. 
And 420 divided by 21 = 20. 

none 4⁴⁰ divided by 20 = 21. 


— 


k 


1 5 Therefore 1 Minute, o or wei the Difference. 
In moſt Inftrements, we find the Sight Vane a little higher than the 0 Glaſs. I have 
never met with any fatis factory Reaſon given for it. It is generally imagined to ariſe from ma in 
an Allowance for Re fraction of the great 8Speculum. But in my Opinion it is an Error of the Inſtru 
ment t-llowed from blind Prejudice and Cuſtom ; and though i it is not of much nnen bi will 
be greatly obliged to hay one, that ſhall pleaſe to convince me to * Os: TY 
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the principal Lide I 57 10, it muſt e as he Se 
bered from the Right to the Left, and the principal Line on the Nonius pointing 


' The Wie ob cin anner A.. upon by = of the Lindh' 1 0 -—— 1 


e ec 
on che Auch. F F ; 


In Fig: 7 bebe us, we eee 1455 « PRE Notivs 1 
exactly with 10 Degres on the Stale ; and we ſee! ho other Tue * wants 
10 Degrees! is here underſtood. the exact 4 4 2 n hal. » 


ale on oy Arch 3 is num- 


on the Nonius N to * e N whine ; 


out either a Deficiency, or Overplus' of * Minuees, as it ſtands either to the Right 
or Left, fuch muſt leis of on the Nonius on the contrary Side to what the 
principal Line on the Nopids' points but on the Scale of the Arch. For 
Example; ſoppoſe the Index be but very little moved to the Lot on the Scale, 

the firſt Diviſion to the Ripbt on the Nonius would naturally correſpond: with 
the laſt Diviſion next to 10 Degrees to the Right, on the Scale of the Arch, 


and wiould p int 10 Degree and Minute; d ſo on, to 5, or to 10, whe 
then the Hel Hias 8 n the 2 would ben! beriet the two firſt! Divi. 
ſions on the Scale to the 58 and thus the Index would n out 10 o Degrees 5 
10 Minutes. 

On the contrary, ir rhe Tag ſhould be placed to, 9885 Rig bt of 10 Degrees) 
ſuppoſe equal Diſtance as mentioned before, the Left Diviſion next to the 


principal Line on the onius, to correſpond with the Left Diviſion next t 
10 Degrees on the Scale, it would Nitril read 9 Degrees, 59 Minutes; if 


farther that the Line 15, came in Comjunction, it would read 9 Degrees 55 
Minutes; or if to 10, to ſigniſy 9 Degrees 50 Minutes, and ſo with the reſt. 
This with about 10 Minutes Practice, will eaſily be acquired by the err lng 


with the Accuracy ſufficient for aſcertaining the true Altitude. 


Thus much for the various Parts of a plain Hadley 8 Quadrant, Abt 
the Apparatus for a back Obſervation; which though it may have its Uſes 
ſometimes, yet the Neceſſity occurs ſo ſeldom, that for my own Part I ſhould 
rather for actual Service have my Inſtrument without its Incumbrances. 
The great Speculum ſhould. be ground very true, both Surfaces of an 
exact Plane, and the W hole of an even Thickneſs; the internal Edge cor- 
reſponding with the Centre of the Quadrant, and ſo ſtrongly fixed perpen- 
dicular to the Index, as not to make it able to Accident. And when thus 
ſent out of the Hands of a Mathematical Inftrument-Maker, although it is n 
provided with adjuſting { Screws, this Glaſs ſhould not at all Events be: meddled 
with, unleſs on Account of injurious Accidents; for on the Accuracy of that 


Speculum os Wy 42505 8 the n, of the An ee 


3 fn 


8 FL Backkide of tue [Quadrant are Seren N ajulting OR 


Glass. This Apparatus is what the Obſerver ougkt to accaltotnthimſcif toy 
and make good Uſe of in adjuſting his Inſtrument :. But although; Screws: are , 
provided in Front, they ſhould not be touched, as they are dalculated only 
to adjuſt the Glas perpendieular to the erf fre hg — Ne 15 
of the Inſtrument-Maker, defore the Quadrant. is fent toren alt 1 


For reel ern at Ws 1 would ps A Dl Hadley's s PEPE made Hr 

of good old ſeaſoned Mahogany, . or Ebony, with a ſtrong . Braſs Index, an 

Ivory Scale on the Arch, accurately. divide d. and a Vernier or Nonius affixed Wl 

to the Index, the great. Speculum. and. Age Glaſs ſtrongly. mounted, and 3 
the Quadrant of twelve Inches Radivs,;, But thoſe who would [have i « 
Apparatus for z back Obſervation . added, tlie Inſtrument muſt have at 55 N 

15, or rather 18 Inches Male. otherwiſe the Head * the e Tad be. * 

in his own Light. 012-199 dn 03:e39rasHt or 3 


We of the” Pr | LE 15 IPle pes of * Hadley 8 
HE Operation of that noble 5 1 upon this! Ate 


but great Law in Optics; ; namely, That the TIE. WY re a 15 yh! ; 
to the Ny of Reflexion. IO INST es I i BEI 


Fore Obſervation, See Fig. 55 


ww 


Let A be the great Speculum 5 
B the Horizon Glaſs, | | 15 5 parallel to each other, 


| Draw C G the perpendicular, to che Plane of. hs great + ode; Jo p K 
the perpendicular, to the Plane of the Horizon Glas. Then let E G be the 
Horizon received by the Ray of Incidence in the great ee er 1 e K 
the Horizon ſeen through the Horizon Glaſs by the Obſerver 1. ..- .: 


Now as the great Sptcatum and Serine Glaſs are parallel, it 1 FE — 1 
their Perpendiculars C G and D K muſt allo be parallel; that is, the Ray of 1 | 
Incidence EG, and the Ray of Reflexion H G muſt be equal angular from the 
Perpendicular C G; or which is the ſame, the Angle of e 25 C, 1 
muſt be n to the Angie af Reflexion CG K. . „ 


Again, the Ray. of Reflexion "A the great Speculum H LX N a i 
Ray of Incidence in the Horizon Glaſs, it muſt reflect equal angular from the 


5 pendicular K D, as * 1; whence it N chat the 8 2 55 N received BEL 


WH 


„ Wenn into the hivered 3 —— 1 
of the Herizon: Glaſs, muſt be ſeen” by the Obſerver to correſpond in one 1 
Line with the Horizon F K, ſeen in direct rr by the Obſerver I ;. and on | 


this depends the Adjuſtment of the Quadrant in the fore Obſervation. 1 8 
erer The Fhalds good in the back mee , Een 
Sack Obfervatien. See Figure 24. be a 
Let A be ihe great Speculum as before. a 5 
B The Horizon Glaſs placed at right Ai with the yoo Speculum 
or with the Horizon Glaſs of the fore Obſervation. - + -- T4 
E G.'The Horizontal Ray of Incidence in the great Speculum. = 
F K The Horizon ſeen by cue Obſerver: 1 oppoſite to the Horizon E G. 


74105 


But 48 the Horizon Glaſs Bi in; the back. Obſervation i is at right Angles with 


3 the great Speculum, the perpendicular LK muſt alſo be at right Angles with 
che perpendicular, C G, or the perpendicular af the Horizon Glaſs of the fore 


| A Obſervation DK; therefore it muſt follow, the Adjuſtment muſt be inverted 


* to the former, and the Horizon E, G, muſt be ſeen to correſpond with the 
4 Horizon F K in the oppoſite Hemiſphere; and on this depends the ene 


ame Fe V 


of the back Obſervation. : 
This being underſtood, tex us procerd to he Sun's 8 + Alirade obtained on the 


| Ser Figure 7 

Let AAA 3 the great Speculum in all its Poſitions from © to a, ws 
poſing the Index being moved over the whole Scale of Degrees from « e to 4. 

K K The Horizon Glaſs for the fore Obſervationn FS N 

NN The Horizon Glaſs for the back Obſervation. | 

FR The Horizontal Ray of Incidence i in the great Speculum. 

ML The Horizon ſeen through the Horizon Glaſs, both of. the fore and back 
Obſervations, which Horizons are ſuppoſed to correſpond exactly in one Line 


L in adjuſting the vadrant, the Index being at A d. Now according to the 
a P defore mentioned. aw, Ibe Angle of Incidence being equal to the Angle of 
1 RefleZion 3. and the Horizon FR and M L. being joined into one, and made 


the fixed Point to govern the Sun's Altitude by ; it muſt follow, that while 
the Index moves from d to e on the Quadrant, making 45 Degrees of a 
Circle, the great Speeulum will receive a U Objects in the Heavens from F. to b 
containing an Arch of go Degrees. Thus; fuppoſe the Index and great Speculum 
re at A ad, the. Horizon 05 is the Object of Incidenee and Reflexion. If the 


Index and Speculum be at c A e and the Sun ſnould be at b, it would then 
R | be 


* 
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be e bye che great edle by the FF Wey Sim's Image Fe 
would be ſent back again by the Ray of Reflexion to the Horizon at F But ir 
the Index and great Speculum ſhould be at b A f, the Sun S*wbald'be fens. by 
the incidental Nay into the great Speculum, and reflected back again. in the 
Horizon Glaſs by the Ray 9271 Reflexion O; and the Obſerver would AN 5 
the Image of the Sun correſpond with the Horizon F as before; for the Angle 
S PF bf Incidence would be equal to the Angle of Reflexion F PO, and | 
thus the Index would point out that che Iun would be * SON above the 
Horizon, the Altitude required. 


TILES 0 

The Difference between the 7500 and the back Obſervation 4 al theſe Caſes. 

is this: That in the fore Obſervation the Obſerver L. views the Horizon M 

through the Horizon Glaſs K K, in direct Viſion made to correſpond with F, 
where he brings down the Sun's Image; whilſt in the back Obſervation the 5 
Obſeryer M having made the Horizon F behind him, j join with the Horizon I 
before him, in adjuſting through the Horizon Glaſs NN; he muſt therefore bring 
the Sun's Image-in a contrary Direction to correſpond with the Horizon before 8 
him; becauſe theſe two Horizon Glaſſes being placed at right Angles ra 12 
each other, therefore the Objects of Reflexion muſt naturally be inverted. 


But there is a Peculiarity of Hadley's Quadrant, which I have found nd 1 
We explained, and is of the utmoſt Conſequence to be well underſtood; in 
accurately adjuſting that Inſtrument ; and for the Want of knowing that Park 
ticular, various errroneous Methods of adjuſting have been adopted, thy 
Conſequences of which have been, the taking of falſe Altitudes. 


The Peculiarity I ſpeak of. | is. tes ] The great Speculum and 5 Horise gh 
Glaſs for the fore Obſervation muſt be parallel, when the Index is at thi | 
beginning of the Scale, as before obſerved, whereon the Theory alreadydeliverc 4 
depends. But from the Nature of the Inſtrument, the Horizon Glaſs mul 5 
be ſituated underneath the great Speculum.; wherefore the Horizon incited ini 
che great Speculum, and the Horizon ſeen by direct Viſion, muſt differ fro 
"each other parallel, as the Diſtance of the . Glaſſes; as for Example, In ti 
Figure before us, F R parallel to ML, muſt differ as the Centre of the Horize . 
Glaſs K K is below the Centre of the great Speculum i in the Situation a A . 
Now admit as in the Figure, M. and F are near Objects by which the Quadra 
is adjuſted; if then theſe Objects are made to coincide in adjuſting, the Inſtron 
ment muſt be erroneous equal to an Angle of P F Q or P M Q; but if 
Object is remote, ſuppoſe ſome Miles as a diſtant Horizon, thoſe Angles mil 
——_— vaniſh into ane and the Inſtrument will be correck. _ Henk t 
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3 at once eviden l de beet bd will hag for adjuſting, but thi flcthen 
che Aan is, the better will be the adjuſting; and this Remark here demon- 
ſtrated; I recommend to every Seaman's Attention, to prevent his being miſled 
in that Pirdiculey, TOE takt S a cone e as ON be hereafter farther 
explained. e 


Having thus laid down 1 "TRENTO of this 41 Inſfrument, let us next 
conſider the natural Occurrences attending an Obſervation at Sea, common to 
all Inſtruments in general; and N we will view e $ * 28 if 
reduced to, e fy 0 | 


ot Rolrabtion 


T ir an eſtabliſhed Lane in Optics, that a Ray is refrafted in \Progortion to 
the . of the Medium through-which ! is paſſes. 


F | 4 12 55 See Fig. 4 


* Let a . of Money, or any other Object he: put at n Bdtcom of: a 7 

W filled with Water, and let an Eye A. be placed ſo as barely to obſerve it; now if 
the Baſon is emptied, the Object will diſappear, and apparently be depreſſed from 

B to. C; and. as the Bafon is. again filled with peg the Oops again vill be 
. elevated, and ſeen by the Obſerver a before. 


WE This Gmple Experiment explains the Wanna of Refraction, ad why 
= ve ſhall frequently obſerve the Image of the Sun. or Moon above, whilſt the 
4 Bodies are yet beneath the Horizon; becauſe the Atmoſphere is denſeſt towards 
| the Surface of the Globe: But as the Sun, or any other Heavenly Object aſcends, | 
wo and the Rays approach more towards a. PEE ee the Refraction 
muſt. e AL leſſen. 105 
Ty 8 
5 


See Figure MI 


19 Thus an n Obſerver at A, c. or D, will behold the Image of the Sun at 7 a, 
= beyond the true Place, as it is viewed through a great Portion of the denſe At- 
moſphere; but as the Sun riſes, ſuppoſe” as at c, d and e, the Rays becoming 
more towards a perpendicular Direction, the Refraction vaniſh, and the Obſer- 
vation comes nearer to the Truth. On theſe Principles, che annexed Table - of 
W Refraftion is founded, V e in pf compare gt for this e v 
nn, Wannen Kae bees 15 


54 8 - . 1 . a 
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Surface of the remote Sea. The Dip: therefore is to be conceived the various W 


which the annexed Table of the horizontal Diftance i Is founded. 


| Altitude. 


It is TO, to be TOE that: as N. 8 win differ in-Qualicy, {ven 
conſiderably at Times in a Quarter of an Hour): particularly in hazy Weather; 
conſequently the Refraction alſo will differ, not only with reſpect to the Sun. 
but in regard to the Horizon itſelf. It is expedient therefore to adjuſt the Iaſtru- 
ment before every Obſervation, i in order to aſcertain a correct Altitude. 8 


Of 1 Dip of the vifible Horizon. * 


See Fig, bs; ton 


E 1 A A A | repreſent the Surface of the Globe of the World, 55 
Semi- diameter A B is computed equal to 43, 946, 552 Engliſh Feet. Let 

B Z be the Zenith Line, on which let A, C, D, E, be the different Elevations 
from the Surface of the Sea; the imaginary Lines then, perpendicular to the 
Zenith Line from the different Elevations, as G A G, GC 6, G DG, and GE G, 
are to be underſtood as the reſpective true Horizons. But the Lines or Tangents 
C g H, D h H, and E i H, are the viſible or marine Horizons touching the 
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Angles GC H, GDH, and GE H; and the Diftance of fach marine Horizons 
as Cg, D h, and E i, is toaipured by a Problem in plane Trigonometry ; Wi 
namely the Sides B C, B D, B E, and the Sides B g, B h, B i, being given, to 
find the Sides Cg, D h, E i, the Diſtance of the viſible Horizons required on Wi 


This being underſtood, it is evident, that ſappach an Eye being d at Fe cloſe | "OM 
to the Surface of the Water, the marine Horizon and true Horizon muſt be the 
ſame; but the Obſerver being elevated. at C, will ſee the Ship g, though not the . 
Objecti, it being depreſſed below his Horizon; whilſt if elevated at E, he will 1 
ſee g and i, though at A he can ſee neither. Now as the Image of the Sun is W 2 
brought down to touch the Edge of the viſible Horizon, it muſt follow,-that as 
the Obſerver is elevated from the Surface of the Sea, the Horizon muſt be diſt- 

anced accordingly ; wherefore that Diſtance muſt be Rr from the apparent | : 


* 
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Of the Sun”, 8 Seine nme 15 


1TH other embed the Obſerver mult be contentwith taking his Aki- 905 

tude from the Sun's Centre as near as he can gueſs; but Hadley's Quadrant 

has in that ref] pect this ſingular Advantage, that the Obſerver may bring down the 
Sun's Image in a true circular Form, even though the Sun ſhould be conſiderably 
| obſcured | 
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2 61 1 
bins 10% the Clouds, ſo as hardly to be diſcernable with the naked 1 oe 

if the Sun is ſo bright as to make the Obſervation troubleſome or dazzling to 
the Eye, with ocher Inſtruments, this is provided with dark Glaſſes or Screens, by r 
which the Sun's Image may be rendered diſtinct alſo. Now as the Sun's Semi- _ 
diameter meaſures upon the. Quadrant 32 Minutes, (that is, by meaſuring the i 
W upper to the lower Arch of the Image of the Sun by the horizontal Line) and = 
Jas the taking of the Centre would be uncertain, it is therefore with the greateſt " 3 
Propriety adopted, as the univerſal Practice, to make the lower Arch or Limb of "= 
the Sun's Image touch the Horizon with great Exactneſs; and thus it becomes 2 
neceſſary in the Calculation to ſubtra& 16 Minutes for the Sun's Semi- dumeter, 
to make the Altitude anſwer, as if it had wen taken from the Centre. 


Having made theſe neceffary Seas we will view this moſt noble Inſtrument 
as if actually in the Operation of taking an Altitude, | 


3 Theory of Obſerving. 


See Figure 6. 


Let A ABE D, &c. repreſent Hadley's Quadrant. t. K K K be the Surface 
of the Sea. 1 H, 1 K, IV, the Semidiameters of the Earth. L K M, the 
Zenith Line. K M the Elevation from the Surface of the Sea of the Obſerver N. 


Let P T W be the Solar Arch, QP the Hi by Incidence in the 
geat Speculum made to coincide with the. Horizon R N ſeen through the Horizon 
Tl Glaſs E, in adjuſting the Quadrant, ſuppoſing the Angle QNR, or RGQ to 
be vaniſhed, and beth Horizons. joined into one Line, terminating at V touching 
ble Surface of the Sea, KKK. Then according to the foregoing Theory, the 
9 incidental Ray of the Sun will be received by the great Speculum, from thence 
elected back again into the Horizon Glaſs, and the Obſerver will ſee the Sun's 
mages at V, touching the Horizontal Line with the lower Limb, which to the 
Centre of the ſame Image is 16 Minutes, and therefore is to be ſubtracted from 
be Altitude. And as the Sun is always refracted beyond its true Altitude, the 
Vetraction, according to the fer geind Doctrine and the annexed Table, muſt 
e ſubtracted alſa. 


WI Ault if the Obſerver N, is clevated fine the Surface of the Sea at K M, the 
: Diſtance. of the viſible Horizon N S in e muſt alſo be e 
c from the apparent Altitude. | 
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Here ; 


. 


—_ | | g Notice of one great Excelleney-of Hadley's 
Quadrant, beyond all other Inſtruments for that Uſe; namely, that notwirh⸗ 
£4 | ſtanding the Obſerver is agitated by the Roughneſs of the Sea, during his. 
$B obſerving, he ſtill may keep. the Image of the Sun and the horizontal Line in. 
cloſe Contact. But to do this with any other Inſtrument, requires ſuch a remark- 
able Steadineſs, as even by the moſt experienced to be impracticable in a rough Sea. 


3%, . . : 1 * . 95 ; 
Here we muſt not omit takin 


This great Quality is explained thus: Since the great Speculum and the 
4 Horizon Glaſs are kept in the ſame Inclination with each other, when once the 
1 Obſerver has brought the Sun's Image down to the Horizon, and the Obſerver 
= viewing through the Horizon Glaſs E, will make an Angle above and below the 
viſible Horizon, equal to 1 N 2, therefore it will admit the Quadrant to be moved” 
to and fro ſuppoſe from 5 to 6, equal as the Lines of Direction in the Heavens 
Ta xz may be varied to 3 and 4 in the fame Arch. Now as the incidental Ray of 
the Sun may fall on any Part of the great Speculum from D to d, from thence re- 
flected back again on any Part of the Horizon Glaſs; therefore, whilſt the Obſerver 
keeps his viſible Horizon in view within the aforeſaid Angle ſeen through the Hori- 
20n Glaſs, the Image of the Sun will always keep ſtationary as at firſt. This Liberty 
of the Obſerver in moving his Inſtrument to ard fro, (ſtill having his Objects, thai 
Sun's Image and the Horizon in one Point of View) nat only faciiitates thai 
Obſervation, but adds much to the. Accuracy of the Altitude, and rende 
therefore at all Times an Obſervation taken with Hadley's Quadrant mor 
correct than if taken with any Inſtrument whatever, hitherto. known, 


Having now finiſhed our Theory, we will proceed to the practical Part. 


Of Adjuſting Hadley's Quadrant. 
THERE is hardly a Seaman, but has heard of various Methods 
| adjuſting his Hadley's Quadrant; and ſome too have been induced Wl 

adopt Methods very curious in Theory, but very fallacious in Practice. Fro 
what has been ſaid before, it is plain, that adjuſting the Inſtrument by ne 
Objects muſt be erroneous, let the Mode of doing it be what it may. There 
but one true Method, and that is by the viſible marine Horizon, and the fart ; 


that 1s diſtant the better, | 
| Te adjuſt the Quadrant therefore by this ſimple and true Method, 1 woue 
previouſly obſerve, that he ſhould be careful to take a well made Inſtrument wil f 


. 


him to Sea; the great Speculum ground of a true Plane, even Thickneſs, {qu 
fixed, and ſtropgly mounted; the filvered Part anſwering exactly with the Ce 
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of the. TRE and "ith 5 Nonius ach the index. In this Condition the Obſerver - | 


has. n Buſineſs with; the great Speculum, than barely preſerving it from Acci- 
dents; for all the Adjuſtments of that Glaſs is the Buſineſs of a Mathematical 
Inſtrument- maker. The Horizon Glaſs ſhould be well mounted, and fixed ſquare 
to the Inſtrument alſo; and although it is provided with adjuſting Screws in Front, 


the Obſerver ſhould be equally careful not to meddle with that Part any more than 


the former. Bur on the back Side of the Quadrant are the Apparatus for ad- 
juſting the Horizon Glaſs, and this is the Part the Obſerver ought to know how 
to make proper Uſe of, EN 1 the following Method he will find as a 


as it is 1 2. | 5 


"Th your Index be at t the beginning of the Scale, ſo that the Peibeigel Line of 
the Vernier or Nonius correſponds with o on the Scale of the Arch, with the 
greateſt Exactneſs poſſible: There fix your "I with the Screw on che back 


Part ae for that Purpoſe. - 


Then view with one Eye [the other being Kar cheats one of the Holes in 
the Vane, and through the tranſparent Part of rhe Horizon Glaſs to the Horizon 
below the Sun; and adjuſt your Horizon Glafs, ſo that the Horizon you ſee by. 
direct Viſion through the tranſparent Part of the Glaſs, and the Horizon received 
in the great Speculum, and reflected back again, ſeen in the -filvered Part of 
the Horizon Glaſs, correſpond in one exact Line. During this Adjuſtment, you 
will be careful to hold your Inſtrument virtically, and turn yourſelf a little from 
Side to Side; obſerving that the Horizon by Reflexion and direct Viſion cor- 
reſpond with great Exactneſs. 


I have before obſerved, chat all Kinds of Adjuſtments by near Objects nk: 
be erroneous. But. there .is a Method lately introduced into Practice, which 
though it. has every Appearance of Exactneſs in its Favour, nevertheleſs for 
taking the Sun's Altitude for the aſcertaining the Latitude, I cannot acquieſce 
to it; namely, adjuſting the Inſtrument by the Stn, Moon, or other heavenly 7 


Object. To adjuſt a Sextant thus for Obſervations relating to the Calculation of 


the I. ongitude, I have no Objection to; becauſe the Horizon in that Operatidn has 
the leaſt Buſineſs, But for taking a true Sun's Altitude, the Horizon 1s 3 28 
it were the fixed Point of meaſuring the Sun's Height by. | 


Now as it is. evident to every Seaman, that the Horizon and remote te Objefts . 
thereon will loom conſiderably at one Time more than another; that is, che 


Horizon will be elevated beyond its true Place, in Proportion as the Atmoſphere 


IS denſe; hay even one Part of the Horizon will be: ſometimes more ſo than 
5 another, 1 


1 % 1 1 
8 1 which the Obſerver will plainly perceive if he carries his Baumer 
round the Horizon in the Adjuſtment; this being the Caſe, I take it for granted, 
that the Sun will be affected in Proportion; and as the Atmoſphere i 1s very 
changeable, it is obvious for theſe Reaſons, that no Object is fo proper for 
adjuſting the Quadrant as the Horizon beneath the Sun; and that the Adjuſt: 
ment ſhould be always immediately before-every Obſervation, more eſpecially for 
the ration here treated of; namely aſcertaining the Latitude by two Alti- 
Peres. as fuch Altitudes are taken either Forenoon or Afternoon, when the: 

Atmoſphere is more denſe than on the Meridian of the Day. 


I have been the more particular on this Head, well 8 many ating! tees 1 
been miſled by fine ſpun Theories of Land Navigators, which however Has hot 
had the leaſt Foundation on practical Utility at Sea. : 


What I have ſaid here, relates only to the Adjuſtment of the Quadrant for tld ; 
fore Obſervation. The back Obſervation I ſhall ſay nothing to, except that it 
is very rarely wanted at Sea, particularly in this Work, for in the taking two 
Altitudes Forenoon or Afternoon, the whole Horizon almoſt may be uſed t6 
obſerve from; and if the Operations for the back Obſervation ſhould be wanted, 
it cannot then be adjuſted when moſt neceſſary; but muſt be kept in Readineſs, 
and can be depended upon only as a make Shift, viz. rather to take an Altitude 
lomewhat erroneous, than having no Altitude at all. | | 


Of taking a correct Sun's Alitdde. SOR 


E now come to a. Concluſion, and reduce our Theory to Practice. 

| When you have adjuſted your Quadrant as before obſerved, the Index - 
being acccurately fixed on the beginning of the Scale, and having brought the 
Horizon by Reflexion, and the Horizon by direct Viſion to correſpond accurately 
in one Line, then fix your Horizon Glaſs, all the while you have your Horizon 
in view; when this is done, unſcrew the Button on the back Part of your 
Index. If the Sun is bright, let down either or both of your Screens or dark 
Glaſſes as Occaſion requires; hold your Inſtrument virtically under the Sun; 
direct your View through the Vane, (the ſame Hole the Inſtrument was adjuſted 
with) obſerving the Horizon through the tranſparent Part of the Horizon Glafs. 
Then move ſlowly the Index, till you catch the Sun in the great Speculum, and 
bring down its Image to the Horizon, When this is obtained, bring the lower 
Limb or Arch of the Sun to-correſpond with the horizontal Line, touching each 
other nicely; moving your Body to the Right and Left, fo as to make the Sun's 


Image oP the Horizontal Arch, obſerving the middle Point, where . i 
| Objects 


oj the Sun + 1 Horizon ; coinc 


you let flown 
the Nanu, as before mentangg. If 
in this Book, be careful to take the Sag 
down your Quadrant; after which you.may read off 
But if you read off your Altitude and a 
and make your Work erroneous. | 


& 00h 5 determine this e 
with a ſteady Eye, ſecure Four Aden with tha Sciew an the Back of the ode.” 


t R this yaur apparent Altitude rea of on. 
itude are intended for the O 125 


Time by. the Wach, the mn, — 5 
your Altitude on the Nonius. 
Minute or two may perchance * 


Having obtained your e 1 correct it by the following Table of 
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